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0LVVLRQ�RI�WKH�)LVK�*HQHWLFV�/DERUDWRU\

7KH� PLVVLRQ� RI� WKH� )LVK� *HQHWLFV� /DERUDWRU\� LV� WR� SURYLGH� WKH� QHFHVVDU\� JHQHWLFV� H[SHUWLVH� DQG
VXSSRUW� WR� SHUPLW� VRXQG� VWHZDUGVKLS� RI� $ODVND� )LVKHU\� UHVRXUFHV�� LQFOXGLQJ� FRQVHUYDWLRQ� RI� WKH
QDWXUDO�GLYHUVLW\�RI�ZLOG�ILVK�SRSXODWLRQV�DQG�DTXDWLF�HFRV\VWHPV���5HVSRQVLELOLWLHV�LQFOXGH�SURYLGLQJ
8�6��)LVK�DQG�:LOGOLIH�6HUYLFH�OHDGHUVKLS�IRU�FRQVHUYDWLRQ�RI�JHQHWLF�UHVRXUFHV��SDUWLFXODUO\�3DFLILF
VDOPRQ�VWRFNV��GHYHORSPHQW�DQG�LPSOHPHQWDWLRQ�RI�JHQHWLF�VWRFN�LGHQWLILFDWLRQ�VWXGLHV�WR�GHOLQHDWH
VWRFNV� IRU� XVH� LQ� ILVKHULHV� PDQDJHPHQW� � DQG� DOORFDWLRQ� GHFLVLRQV�� HYDOXDWLRQV� RI� JHQHWLF� LPSDFWV
UHVXOWLQJ� IURP�VWRFN� LQWURGXFWLRQV�� H[SORLWDWLRQ��DQG�RWKHU� DFWLYLWLHV��PRQLWRULQJ� VWRFNV� IRU� JHQHWLF
FKDQJH�� FRRUGLQDWLRQ� RI� JHQHWLF� LVVXHV� ZLWKLQ� DQG� RXWVLGH� WKH� 6HUYLFH�� DQG� FRQGXFWLQJ� RXWUHDFK
DFWLYLWLHV�WKDW�SURPRWH�WKH�LPSRUWDQFH�RI�PDLQWDLQLQJ�JHQHWLF�GLYHUVLW\�

1RQGLVFULPLQDWLRQ�&ODXVH

7KH�8�6��'HSDUWPHQW� RI� ,QWHULRU� SURKLELWV� GLVFULPLQDWLRQ� LQ� SURJUDPV� RQ� WKH� EDVLV� RI� UDFH�� FRORU�
QDWLRQDO� RULJLQ�� UHOLJLRQ�� VH[�� DJH�� RU� GLVDELOLW\�� � ,I� \RX� EHOLHYH� WKDW� \RX� KDYH� EHHQ� GLVFULPLQDWHG
DJDLQVW�LQ�DQ\�SURJUDP��DFWLYLW\��RU�IDFLOLW\�RSHUDWHG�E\�WKH�8�6��)LVK�DQG�:LOGOLIH�6HUYLFH�RU�LI�\RX
GHVLUH�IXUWKHU�LQIRUPDWLRQ�SOHDVH�ZULWH�WR�
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2IILFH�RI�(TXDO�2SSRUWXQLW\
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3UHIDFH

7KLV� GRFXPHQW� LV� WKH� ILQDO� UHSRUW� RQ� JHQHWLF
VWXGLHV� FRQGXFWHG� E\� WKH� 8�6�� )LVK� DQG� :LOGOLIH
6HUYLFH�RQ�'ROO\�9DUGHQ�6DOYHOLQXV�PDOPD�DORQJ�WKH
FRDVWOLQH� RI� WKH�%HDXIRUW� 6HD� DQG� LQ� WKH� ULYHUV� DQG
VWUHDPV� RI� WKH� 1RUWK� 6ORSH� RI� $UFWLF� $ODVND� DQG
&DQDGD�� � &RQFHSWXDOO\� WKH� SURMHFW� SURFHHGHG� LQ� D
WZR� VHTXHQWLDO� VWHSV�� ���� WR� GHVFULEH� WKH� SRSXODWLRQ
JHQHWLF� VWUXFWXUH� RI� 'ROO\� 9DUGHQ�� DQG� WKHQ� LI
SRSXODWLRQ� VWUXFWXUH� ZDV� SUHVHQW�� ���� WR� GHWHUPLQH
WKH� VWRFN� FRPSRVLWLRQ� RI� PL[WXUH� VDPSOHV� IURP
DORQJ�WKH�%HDXIRUW�6HD�&RDVW�

)LUVW�� VWXGLHV� ZHUH� FRQGXFWHG� WR� GHWHUPLQH
ZKHWKHU� 'ROO\� 9DUGHQ� ZHUH� RUJDQL]HG� LQWR� VHYHUDO
SRSXODWLRQV� RU� ZKHWKHU� WKH\� IXQFWLRQHG� DV� RQH
SDQPLFWLF� �UDQGRP� PDWLQJ�� SRSXODWLRQ�� � ,I� WKH
IRUPHU� ZDV� WUXH� �VHYHUDO� SRSXODWLRQV� H[LVWHG�� WKHQ
HFRORJLFDOO\� LPSRUWDQW�� XQLTXH� JHQHWLF� YDULDWLRQ
FRXOG� H[LVW� LQ� HDFK� SRSXODWLRQ� DQG� PDQDJHPHQW
ZRXOG�QHHG�WR�PDNH�VHSDUDWH�FRQVLGHUDWLRQV�IRU�HDFK
SRSXODWLRQ�� � ,I� WKH� ODWWHU� ZDV� WUXH� �RQH� SDQPLFWLF
SRSXODWLRQ�� WKHQ� PDQDJHPHQW� ZRXOG� EH� VLPSOLILHG
DQG�UHTXLUH�WKH�FRQVLGHUDWLRQ�RI�RQO\�RQH�SRSXODWLRQ
WKDW�RFFXSLHG�D�ODUJH�JHRJUDSKLFDO�DUHD���,Q�WKLV�FDVH�
VPDOO�SHUWXUEDWLRQV�RI�WKH�HQYLURQPHQW�ZRXOG�OLNHO\
QRW� WKUHDWHQ� WKH� HQWLUH� SRSXODWLRQ�� � 7KH� DQVZHU� WR
WKLV� TXHVWLRQ� KDV� SDUWLFXODU� VLJQLILFDQFH� WR� WKH

PDQDJHPHQW�RI�'ROO\�9DUGHQ�LQ�WKH�$UFWLF�1DWLRQDO
:LOGOLIH�5HIXJH� �$UFWLF�5HIXJH��ZKHUH� RLO� DQG� JDV
H[SORUDWLRQ� DQG� GHYHORSPHQW� DFWLYLWLHV� KDYH� EHHQ
SURSRVHG�� � 7KH� UHVXOWV� RI� WKLV� ILUVW� VWHS� ZHUH
SXEOLVKHG� LQ�)LVK�(FRORJ\� LQ�$UFWLF�1RUWK�$PHULFD
�$PHULFDQ� )LVKHULHV� 6RFLHW\� 6\PSRVLXP� ���
%HWKHVGD�� 0DU\ODQG��� � 7KH� GDWD� DQG� WKHLU� DQDO\VLV
DUH�DOVR�SUHVHQWHG�LQ�&KDSWHU���RI�WKLV�UHSRUW����%DVHG
RQ� JHQHWLF� GDWD� IURP� DOOR]\PH� ORFL�� FKDU� VWRFNV� RU
SRSXODWLRQV� H[LVW�� ZKLFK� DUH� RUJDQL]HG� E\� GUDLQDJH
V\VWHP�

7KH� VHFRQG� SKDVH� �WR� GHVFULEH� VWRFN
FRQWULEXWLRQV�WR�PL[WXUH�VDPSOHV��SURFHHGHG�EHFDXVH
PXOWLSOH�SRSXODWLRQV�ZHUH�GHWHUPLQHG�WR�EH�SUHVHQW�
7KLV� SDUW� RI� WKH� SURMHFW� ZDV� LPSRUWDQW� EHFDXVH� D
VXEVLVWHQFH� ILVKHU\� DORQJ� WKH� FRDVW� RFFXUV� QHDU� WKH
,QXSLDW� YLOODJH� RI� .DNWRYLN�� � .QRZOHGJH� RI� ZKLFK
VWRFNV� FRQWULEXWH� WR� WKH� ILVKHU\� ZRXOG� LGHQWLI\� WKH
SRSXODWLRQV�DQG�JHRJUDSKLF�UHJLRQV�WKDW�VXSSRUW� WKH
ILVKHU\�� 7KH� SURSRUWLRQDO� FRQWULEXWLRQ� RI� GLVWDQW
VWRFNV�� VXFK� DV� IURP� &DQDGD�� ZDV� XQNQRZQ�
3RSXODWLRQV� WKDW� VXSSRUW� WKLV� ILVKHU\� FRXOG� UHTXLUH
VSHFLDO� PDQDJHPHQW� FRQVLGHUDWLRQ�� � 7KH� UHVXOWV� RI
WKLV�SKDVH�DUH�SUHVHQWHG�LQ�&KDSWHU���� �7KLV�FKDSWHU
LV� LQWHQGHG� WR� EH� VXEPLWWHG� IRU� D� SHHU�UHYLHZHG
SXEOLFDWLRQ�
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3RSXODWLRQ�*HQHWLF�6WUXFWXUH�RI�'ROO\�9DUGHQ�&KDU
)URP�%HDXIRUW�6HD�'UDLQDJHV
RI�1RUWKHUQ�$ODVND�DQG�&DQDGD1
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8�6��)LVK�DQG�:LOGOLIH�6HUYLFH��)LVK�*HQHWLFV�/DERUDWRU\
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8�6��*HRORJLFDO�6XUYH\��%LRORJLFDO�5HVRXUFHV�'LYLVLRQ��$ODVND�6FLHQFH�&HQWHU
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&RUQHOO�8QLYHUVLW\��'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV
&ROOHJH�RI�$JULFXOWXUH�DQG�/LIH�6FLHQFHV��)HUQRZ�+DOO��,WKDFD��1<��������

$EVWUDFW�� ��� 'ROO\� 9DUGHQ� FKDU� �6DOYHOLQXV� PDOPD�� VSDZQ�� UHDU�� DQG� RYHUZLQWHU� LQ� IUHVKZDWHU� WULEXWDULHV� WR� WKH
%HDXIRUW�6HD�DQG�PLJUDWH�WR�FRDVWDO�ZDWHUV�WR�IHHG���2LO�DQG�JDV�GHYHORSPHQW�DFWLYLWLHV�WKDW�DOWHU�WKH�IUHVKZDWHU�RU�PDULQH
HQYLURQPHQWV� FRXOG� DIIHFW� FKDU� SRSXODWLRQV� DQG� WKH� ORFDO� ILVKHULHV� WKH\� VXSSRUW�� � 7KH� SXUSRVH� RI� WKLV� VWXG\� ZDV� WR
GHVFULEH� WKH� JHQHWLF� UHODWLRQVKLSV� DPRQJ� 'ROO\� 9DUGHQ� FKDU� SRSXODWLRQV� IURP� %HDXIRUW� 6HD� WULEXWDULHV�� � $OOR]\PH
HOHFWURSKRUHVLV�ZDV�XVHG�WR�DQDO\]H�YDULDWLRQ�DW���� ORFL� ����ZHUH�SRO\PRUSKLF�� LQ����FROOHFWLRQV�PDGH�IURP����ULYHUV�
*HQHWLF�GDWD�IURP�PXOWLSOH�FROOHFWLRQV�PDGH�ZLWKLQ�VLQJOH�ULYHU�V\VWHPV�ZHUH�SRROHG�EDVHG�RQ�VWDWLVWLFDO�VLPLODULW\�DQG
UHGXFHG�WKH�QXPEHU�RI�FROOHFWLRQV�IRU�VXEVHTXHQW�DQDO\VHV�WR������$YHUDJH�KHWHUR]\JRVLW\�REVHUYHG�LQ�WKH����FROOHFWLRQV
ZDV� ������ �UDQJH� ������ WR� �������� � $YHUDJH� SHUFHQW� RI� ORFL� SRO\PRUSKLF� ZDV� ����� � 2YHUDOO� KHWHURJHQHLW\� *�WHVWV
LQGLFDWHG� KLJKO\� VLJQLILFDQW� GLIIHUHQFHV� DPRQJ� FROOHFWLRQV� �3� !� �������� � &OXVWHU� DQDO\VLV� RI� 1HL¶V� JHQHWLF� GLVWDQFH
VRPHWLPHV� IRUPHG� JURXSV� RI� JHRJUDSKLFDOO\� SUR[LPDWH� FROOHFWLRQV�� � +RZHYHU�� FRUUHVSRQGHQFH� EHWZHHQ� JHQHWLF� DQG
JHRJUDSKLF� GLVWDQFHV� ZDV� ZHDN� LQ� KLHUDUFKLFDO� JURXSLQJV�� � 'LIIHUHQFHV� DPRQJ� FROOHFWLRQV� ZLWKLQ� DQG� EHWZHHQ� ULYHU
V\VWHPV�ZHUH�REVHUYHG���2Q�DYHUDJH�����RI�WKH�JHQHWLF�YDULDWLRQ�RFFXUUHG�DPRQJ�LQGLYLGXDOV�ZLWKLQ�FROOHFWLRQV�ZKLOH
���ZDV�GXH�WR�GLIIHUHQFHV�DPRQJ�ULYHU�V\VWHPV�DQG����GXH�WR�GLIIHUHQFHV�ZLWKLQ�V\VWHPV���7ZR�RI�IRXU�FROOHFWLRQV�IURP
XSVWUHDP�DUHDV�RU�VSULQJV�SUHVXPHG�WR�EH�UHVLGHQW�FKDU�ZHUH�JHQHWLFDOO\�GLIIHUHQW� IURP�DQDGURPRXV�SRSXODWLRQV� LQ� WKH
VDPH�ULYHU�V\VWHP���5HVLGHQW�FKDU�IURP�6DGOHURFKLW�6SULQJ�ZHUH�JHQHWLFDOO\�GLVWLQFW�IURP�FKDU�LQ�RWKHU�FROOHFWLRQV�GXH�WR
ORZ�YDULDELOLW\� UDWKHU� WKDQ� WR� WKH�SUHVHQFH�RI�XQLTXH� DOOHOHV�� �*HQHWLF�GDWD� LQGLFDWHG� WKDW�PXOWLSOH�SRSXODWLRQV� RI� FKDU
RFFXU� DORQJ� WKH� $UFWLF� FRDVW� RI� $ODVND� DQG� &DQDGD�� RIWHQ� RUJDQL]HG� E\� PDMRU� ULYHU� V\VWHP� DQG� WKDW� PRUH� WKDQ� RQH
SRSXODWLRQ� PD\� RFFXU� ZLWKLQ� ULYHU� V\VWHPV�� � +XPDQ� DFWLYLWLHV� WKDW� DIIHFW� FULWLFDO� KDELWDWV�� VXFK� DV� VSDZQLQJ� RU
RYHUZLQWHULQJ�DUHDV��PXVW�FRQVLGHU�WKH�HIIHFWV�RQ�LQGLYLGXDO�SRSXODWLRQV�UDWKHU�WKDQ�RQ�D�JHQHUDOL]HG�FKDU�SRSXODWLRQ�WKDW
XVHV�WKH�%HDXIRUW�6HD�

��$�VLPLODU�UHSRUW�ZDV�SXEOLVKHG�DV�³3RSXODWLRQ�JHQHWLF�VWUXFWXUH�RI�'ROO\�9DUGHQ�IURP�%HDXIRUW�6HD�GUDLQDJHV�RI�QRUWKHUQ�$ODVND
DQG�&DQDGD�´��3DJHV���������LQ�-��5H\QROGV��HGLWRU���)LVK�HFRORJ\�LQ�$UFWLF�1RUWK�$PHULFD���$PHULFDQ�)LVKHULHV�6RFLHW\�6\PSRVLXP
����%HWKHVGD��0DU\ODQG�

��'HFHDVHG�

��3UHVHQW�DGGUHVV��1DWLRQDO�0DULQH�)LVKHULHV�6HUYLFH��$ODVND�)LVKHULHV�6FLHQFH�&HQWHU��$XNH�%D\�%LRORJLFDO�/DERUDWRU\�������
*ODFLHU�+LJKZD\��-XQHDX��$.�������
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,QWURGXFWLRQ

'ROO\�9DUGHQ� FKDU� �6DOYHOLQXV�PDOPD�� KHUHDIWHU
UHIHUUHG�WR�DV�FKDU��RI�WKH�%HDXIRUW�6HD�RI�$ODVND�DQG
&DQDGD� PLJUDWH� EHWZHHQ� IUHVKZDWHU� WULEXWDULHV� DQG
FRDVWDO� ZDWHUV�� DQG� DUH� LPSRUWDQW� LQ� VXEVLVWHQFH
ILVKHULHV�LQ�ERWK�WKH�8QLWHG�6WDWHV�DQG�&DQDGD��&UDLJ
����D��� � 2LO� DQG� JDV� GHYHORSPHQW� DFWLYLWLHV� WKDW
FKDQJH�HLWKHU�WKH�IUHVKZDWHU�RU�PDULQH�HQYLURQPHQWV
FRXOG� DIIHFW� FKDU� SRSXODWLRQV� DQG� WKH� ILVKHULHV� WKH\
VXSSRUW���7KH�FKDU�OLIH�KLVWRU\�DQG�PLJUDWLRQ�SDWWHUQV
LQ� WKLV� UHJLRQ� UHIOHFW� DQ� DGDSWLYH� UHVSRQVH� WR� WKH
VHYHULW\� RI� WKH� KDELWDW� DQG� WR� VHDVRQDO� DQG� DQQXDO
YDULDWLRQ�LQ�KDELWDW�DYDLODELOLW\�

&KDU� LQ� WKLV�UHJLRQ�VSHQG�PRVW�RI� WKHLU� OLYHV� LQ
WULEXWDULHV� WR� WKH� %HDXIRUW� 6HD� ZKHUH� WKH\� VSDZQ�
UHDU��DQG�RYHUZLQWHU���6SDZQLQJ�RFFXUV�LQ�DXWXPQ�LQ
DUHDV� RIWHQ� DVVRFLDWHG� ZLWK� VSULQJV� LQ� RU� QHDU� WKH
%URRNV�5DQJH��0F&DUW�������DQG�WKH�HJJV�KDWFK�LQ
WKH� VSULQJ�� � -XYHQLOH� FKDU� OLYH� LQ� WULEXWDULHV� XQWLO
WKUHH�WR�ILYH�\HDUV�RI�DJH�ZKHQ�WKH\�EHJLQ�WR�PLJUDWH
WR�FRDVWDO�DUHDV�WR�IHHG��&UDLJ�����D��0F&DUW�������
0DWXUH� DQG� LPPDWXUH� FKDU� UHWXUQ� WR� IUHVK�ZDWHU� LQ
ODWH� VXPPHU� DQG� HDUO\� IDOO�� DQG� RYHUZLQWHU� LQ
WULEXWDULHV�DV�PDULQH�ZDWHUV�EHFRPH�VXSHUFRROHG���
�R� &�� DQG� WRR� VDOLQH�� � 7KHVH� FKDU� W\SLFDOO\� GR� QRW
VSDZQ� XQWLO� DJH� ILYH� RU� VL[� �%DLQ� ������ &UDLJ
����D��� � $OWKRXJK� DQ� LQGLYLGXDO� FDQ� VSDZQ
UHSHDWHGO\� RYHU� WKHLU� OLIHWLPH�� WKH\� VHOGRP� DFTXLUH
HQRXJK�HQHUJ\�UHVHUYHV� LQ�RQH�VHDVRQ�WR�EH�DEOH� WR
VSDZQ�HYHU\�\HDU�

2YHUZLQWHULQJ�KDELWDW� LV� FULWLFDO� WR� WKH� VXUYLYDO
RI� 'ROO\� 9DUGHQ� FKDU� LQ� WKLV� $UFWLF� HQYLURQPHQW�
2QO\� DERXW� WZR� SHUFHQW� RI� WKH� IUHVK�ZDWHU� KDELWDW�
GHHS� ULYHU� SRROV� DQG� VSULQJV�� UHPDLQV� DYDLODEOH� WR
ILVK� E\� WKH� HQG�RI�ZLQWHU� �&UDLJ� ����E��� DQG� WKHVH
DUHDV� DUH� VKDUHG� E\� 'ROO\� 9DUGHQ� FKDU� RI� DOO� OLIH
KLVWRU\� VWDJHV�� � ,I� DQ� RYHUZLQWHULQJ� DUHD� IDLOV�� H�J��
GXH�WR�DQR[LD��IUHH]LQJ�VROLG��RU�ZDWHU�UHPRYDO��ILVK
DUH� QRW� DEOH� WR�PRYH� WR� D� GLIIHUHQW� UHIXJH� EHFDXVH
FRQQHFWLQJ� VWUHDP� VHJPHQWV� IUHH]H� WR� WKH� ERWWRP�
7KHUHIRUH�� WKH� DYDLODELOLW\� RI� GHHS� SRRO� KDELWDW� LQ
WULEXWDULHV� LV� FULWLFDO� WR� YLDELOLW\� RI� 'ROO\� 9DUGHQ
SRSXODWLRQV�

&KDU� SRSXODWLRQV� DUH� SRWHQWLDOO\� YXOQHUDEOH� WR
KDELWDW�SHUWXUEDWLRQV�VXFK�DV�WKRVH�FDXVHG�E\�RLO�DQG
JDV� GHYHORSPHQW� DFWLYLWLHV�� � 7KRXJK�'ROO\� 9DUGHQ
FKDU� SRSXODWLRQV� DUH� DGDSWHG� WR� WKH� SK\VLFDO
H[WUHPHV� RI� WKH� $UFWLF� E\� ORQJ� OLIH� DQG� UHSHDW
VSDZQLQJ�� WKH\� DOVR� UHO\� RQ� WKH� DYDLODELOLW\� RI
RYHUZLQWHULQJ�DUHDV�DQG�RQ� WKHLU� DELOLW\� WR�PLJUDWH�
,Q� IUHVKZDWHU� KDELWDWV�� ZDWHU� UHPRYDO� IURP

RYHUZLQWHULQJ� VLWHV� IRU� ZHOO� GULOOLQJ�� URDG
FRQVWUXFWLRQ��RU�RWKHU� KXPDQ�XVH� FRXOG�GHSOHWH� WKH
OLPLWHG� RYHUZLQWHULQJ� UHVRXUFH� XVHG� E\� DOO� OLIH
KLVWRU\� VWDJHV� RI� FKDU�� � &RQVWUXFWLRQ� RI� ULYHU
FURVVLQJV�� FKDQQHOL]DWLRQ�� RU� UHPRYDO� RI� PDWHULDO
IURP�WKH�ULYHUV�FRXOG�DIIHFW�PLJUDWRU\�FRUULGRUV�DQG
VSDZQLQJ�VXEVWUDWH�TXDOLW\�� � ,I�VHSDUDWH�SRSXODWLRQV
RFFXU� LQ� FRDVWOLQH� WULEXWDULHV�� WKH� HIIHFWV� RI
GHYHORSPHQW�DFWLYLWLHV�FRXOG�FDXVH�ORFDO�H[WLQFWLRQV
DQG�WKH�ORVV�RI�JHQHWLF�GLYHUVLW\�

,Q�WKLV�VWXG\��DOOR]\PH�HOHFWURSKRUHVLV�ZDV�XVHG
WR�GHWHUPLQH�LI�JHQHWLF�GDWD�VXSSRUWHG�WKH�FRQWHQWLRQ
WKDW�GLIIHUHQW�SRSXODWLRQV�RFFXUUHG�ZLWKLQ�WKH�PDMRU
ULYHU�GUDLQDJHV�RI� WKH�%HDXIRUW�6HD�DUHD�DQG� UHIXWH
WKH�QXOO�K\SRWKHVLV� WKDW� FKDU� IURP� WKLV� UHJLRQ� H[LVW
DV� D� VLQJOH�SDQPLFWLF�SRSXODWLRQ�� �7KH� DPRXQW� DQG
SDWWHUQ� RI� JHQHWLF� YDULDWLRQ� ZDV� GHVFULEHG� DQG
FRPSDUHG� ZLWKLQ� DQG� DPRQJ� FKDU� FROOHFWLRQV� IURP
���ULYHU�V\VWHPV�

0HWKRGV

&ROOHFWLRQV�����&KDU�ZHUH�FROOHFWHG�DW����VLWHV�RQ
��� ULYHU� V\VWHPV� WULEXWDULHV� WR� WKH� %HDXIRUW� 6HD� LQ
������ ������ DQG� ����� E\� 8�6�� )LVK� DQG� :LOGOLIH
6HUYLFH�SHUVRQQHO� �7DEOH����)LJXUH����� �7D[RQRPLF
GHVLJQDWLRQ� RI� FKDU� IURP� WKLV� UHJLRQ� DV� 'ROO\
9DUGHQ�IROORZV�WKH�UHFRPPHQGDWLRQV�RI�5HLVW�HW�DO�
���������(OHFWURILVKLQJ�DQG�PLQQRZ�WUDSV�ZHUH�XVHG
WR� FROOHFW� MXYHQLOHV� IURP� DQDGURPRXV� SRSXODWLRQV
DQG� MXYHQLOHV� DQG� DGXOWV� IURP� VWUHDP� UHVLGHQW
SRSXODWLRQV���$QDGURPRXV�VSDZQLQJ�DGXOWV�ZHUH�QRW
XVHG� LQ� WKLV� VWXG\� GXH� WR� WKH� H[WUHPH� ORJLVWLFDO
GLIILFXOWLHV� RI� VDPSOLQJ� ILVK� GXULQJ� WKH� VSDZQLQJ
VHDVRQ� LQ� WKLV� UHJLRQ�� �6DPSOH� VL]HV� DW� VLWHV� UDQJHG
IURP����WR����ILVK���&KDU��SUHVXPHG�WR�KDYH�D�VWUHDP
UHVLGHQW� OLIH� KLVWRU\��ZHUH� FROOHFWHG� IURP� XSVWUHDP
RI� WKH� ZDWHUIDOO� RQ� WKH� %DEEDJH� 5LYHU� �VLWH� ����
XSVWUHDP�)LUWK�5LYHU��VLWH������6KXEOLN�6SULQJV��VLWH
���&DQQLQJ�5LYHU�GUDLQDJH���DQG�6DGOHURFKLW�6SULQJV
�VLWH�����DQG�LQFOXGHG�LQ�WKH�DQDO\VLV�IRU�FRPSDULVRQ
WR�DQDGURPRXV�SRSXODWLRQV�

(OHFWURSKRUHWLF� SURFHGXUHV� DQG� ORFXV
GHVLJQDWLRQV�� ��� +RUL]RQWDO� VWDUFK� JHO
HOHFWURSKRUHVLV� ZLWK� KLVWRFKHPLFDO� VWDLQLQJ� ZDV
XVHG� WR� LGHQWLI\� SURWHLQ� SURGXFWV� RI� DOOR]\PH� ORFL
�$HEHUVROG�HW� DO�� �������7ZHQW\IRXU� HQ]\PHV�ZHUH
H[DPLQHG�ZLWKLQ�ZKLWH�PXVFOH��OLYHU��DQG�H\H�WLVVXHV
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),*85(�����6DPSOLQJ�VLWHV�IRU�'ROO\�9DUGHQ�FKDU�FROOHFWHG�IURP�%HDXIRUW�6HD�WULEXWDULHV�RI�$ODVND�DQG
&DQDGD�IURP�������������6LWH�QXPEHUV�FRUUHVSRQG�WR�ORFDWLRQV�LQ�7DEOH���

�7DEOH� ���� $OOR]\PH� QRPHQFODWXUH� IROORZV� WKDW
VXJJHVWHG�E\�6KDNOHH�HW�DO� �������� �$OOHOLF�SURGXFW
PRELOLWLHV� ZHUH� GHVLJQDWHG� DV� JHO� PLJUDWLRQ
GLVWDQFHV� UHODWLYH� WR� WKH� SURGXFW� RI� WKH� PRVW
FRPPRQ�DOOHOH��7KH�PRVW�FRPPRQ�DOOHOH�H[SUHVVHG
DW� D� ORFXV� ZDV� DOZD\V� GHVLJQDWHG� DV� ����� 3*0�
����ZDV�YDULDEOH��EXW�QRW�VFRUHG�UHOLDEO\���3XWDWLYH
YDULDWLRQ� ZDV� REVHUYHG� DW� E*/8$�� DQG� ;'+���
EXW� SKHQRW\SHV� ZHUH� VFRUHDEOH� RQO\� LQ� FROOHFWLRQV
PDGH� LQ� ����� DQG� ����� ZKHQ� OLYH� ILVK� ZHUH
WUDQVSRUWHG� WR� WKH� ODERUDWRU\�� � &RQVLVWHQWO\� JRRG
UHVROXWLRQ� ZDV� QRW� REWDLQHG� LQ� ����� FROOHFWLRQV
EHFDXVH�VDPSOHV�ZHUH�IUR]HQ�DW����R&�UDWKHU�WKDQ�LQ
OLTXLG�QLWURJHQ�RU�GU\�LFH�EHIRUH�VKLSSLQJ���7KXV��RXW
RI� D� SRVVLEOH� ��� ORFL� IRU� ��� HQ]\PHV�� ��� ORFL� WKDW
HQFRGH����HQ]\PHV�ZHUH�VFRUHG�UHOLDEO\�

6WDWLVWLFDO� SURFHGXUHV�� ��� &RQIRUPDQFH� WR
+DUG\�:HLQEHUJ�H[SHFWDWLRQV�ZDV�DVVHVVHG�E\�XVLQJ
D� FKL�VTXDUH� VWDWLVWLF�� � )RU� HDFK� SRSXODWLRQ�� FKL�
VTXDUH� YDOXHV� IURP� DOO� YDULDEOH� ORFL� ZHUH� VXPPHG

DQG� WKH� WRWDO� ZDV� FRPSDUHG� WR� D� FKL�VTXDUH
GLVWULEXWLRQ�� �9DULDWLRQ� DW� LVRORFL� WKDW� VKDUH� DOOHOHV
�H�J��� V$$7������ FDQQRW� EH� DVVLJQHG� WR� D� VSHFLILF
ORFXV���7KLV�YDULDWLRQ�ZDV�DVVLJQHG�DUELWUDULO\�WR�RQH
ORFXV� IRU� SXUSRVHV� RI� GDWD� DQDO\VLV� DQG� QRW
H[DPLQHG� IRU� FRQIRUPDQFH� WR� +DUG\�:HLQEHUJ
H[SHFWDWLRQV�

*HQHWLF� GLIIHUHQFHV� DPRQJ� VDPSOHV� ZHUH
DVVHVVHG� ZLWK� SHUFHQW� RI� SRO\PRUSKLF� ORFL�
KHWHUR]\JRVLW\� FDOFXODWLRQV�� *�WHVWV�� DQG� JHQHWLF
GLVWDQFH� FRHIILFLHQWV� �'��� 'DWD� IURP� GLIIHUHQW
FROOHFWLRQV� ZLWKLQ� D� ULYHU� V\VWHP�� PDGH� HLWKHU� DW
GLIIHUHQW�VLWHV�RU�LQ�GLIIHUHQW�\HDUV��ZHUH�VRPHWLPHV
SRROHG��'DWD�ZHUH�SRROHG�ZKHQ�3�!�������LQGLFDWLQJ
WKDW� FROOHFWLRQV� ZHUH� QRW� VLJQLILFDQWO\� GLIIHUHQW
EDVHG�RQ�D�*�WHVW��6RNDO�DQG�5RKOI��������FULWHULD�RI
6KDNOHH�DQG�3KHOSV��������������%DVHG�RQ�SRROLQJ��WKH
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7$%/(���� ��&ROOHFWLRQV�RI�%HDXIRUW�6HD�'ROO\�9DUGHQ�VDPSOHG� IURP�$ODVND�DQG�&DQDGD�ZLWK�VLWH� ORFDWLRQ
�8QLYHUVDO� 7UDQVYHUVH� 0HUFDWRU��� QXPEHU� RI� VDPSOHV�� DQG� GDWH� FROOHFWHG� �PRQWKV�\HDUV��� � 6LWH� QXPEHU
FRUUHVSRQGV�WR�WKRVH�XVHG�LQ�)LJXUH���� �1XPEHUV�����XQGHU�WKH�FROOHFWLRQV�IURP�WKH�+XODKXOD�DQG�%DEEDJH
ULYHUV�UHIHU�WR�WKH�SRROHG�VHWV�RI�GDWD�XVHG�IRU�DQDO\VLV�LQ�7DEOHV�����

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
������������������870�&RRUGLQDWHV�����������������

6LWH
&ROOHFWLRQV QXPEHU =RQH /DWLWXGH /RQJLWXGH 1 'DWH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
$QDNWXYXN�5LYHU � �: ������� ������ �� ����
6DJDYDQLUNWRN�5LYHU

,YLVKDN�5LYHU � �: ������� ������ �� ����
(FKRRND�5LYHU � �: ������� ������ �� ����
5LEGRQ�5LYHU � �: ������� ������ �� ����
/XSLQH�5LYHU � �: ������� ������ �� ����

.DYLN�5LYHU � �: ������� ������ �� ����
&DQQLQJ�5LYHU

� �: ������� ������ �� ����
� �: ������� ������ �� ����

6KXEOLN�6SULQJ � �: ������� ������ �� ����
�� �: ������� ������ �� ����

0DUVK�)RUN �� �: ������� ������ �� ����
6DGOHURFKLW�6SULQJ �� �: ������� ������ �� ����
+XODKXOD�5LYHU

�� �� �: ������� ������ �� �����
�� �� �: ������� ������ �� �����
�� �� �: ������� ������ �� �����
�� �� �: ������� ������ �� ����

$LFKLOLN�5LYHU
�� �: ������� ������ �� ����
�� �: ������� ������ �� ����

(JDNVUDN�5LYHU �� �: ������� ������ �� ����
.RQJDNXW�5LYHU

�� �: ������� ������ �� ����
�� �: ������� ������ �� ����

)LUWK�5LYHU
�� �: ������� ������ �� ����
�� �: ������� ������ �� ����

-RH�&UHHN �� �: ������� ������ �� ����
%DEEDJH�5LYHU

�� �� �: ������� ������ �� ����
�� �� �: ������� ������ �� ����
&DQRH�5LYHU �� �: ������� ������ �� ����
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7$%/(� ��� �� (Q]\PHV�� ,8%1&� QXPEHUV�� DQG� ORFL� H[DPLQHG� LQ� VDPSOHV� RI� 'ROO\� 9DUGHQ� FROOHFWHG� IURP
QRUWKHUQ�$ODVND�DQG�&DQDGD���%XIIHUV�LQFOXGH���$&��&OD\WRQ�DQG�7UHWDLN��������S+�����DQG�S+������$&��ZDV
$&�ZLWK�1$'��5:��5LGJZD\�HW�DO��������S+������DQG�(%7��ZDV�VLPLODU�WR�WKDW�RI�%R\HU�HW�DO���������S+�����
7LVVXHV� LQFOXGH�PXVFOH� �0��� OLYHU� �/��� DQG� H\H� �(��� � 3DLUV� RI� ORFL� QXPHULFDOO\� VHSDUDWHG�E\� FRPPDV� �H�J��
V$$7������ZHUH�HOHFWURSKRUHWLFDOO\�LQGLVWLQJXLVKDEOH�LVRORFL��$OOHQGRUI�DQG�7KRUJDDUG�������

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

(Q]\PH�RU�RWKHU�SURWHLQ�����������������,8%1&���������������������/RFL�����������������������������%XIIHU����������������7LVVXH���
$GHQ\ODWH�NLQDVH ������� $.�� $&���� 0
$OFRKRO�GHK\URJHQDVH ������� $'+�� 5: /
$FRQLWDWH�K\GUDWDVH ������� V$+�� $&���� /
$VSDUWDWH�DPLQRWUDQIHUDVH ������� V$$7����V$$7�� 5: (�/

V$$7���� 5: 0
&UHDWLQH�NLQDVH ������� &.����&.�� 5: 0

&.�� 5: (
)XPDUDWH�K\GUDWDVH ������� )+ $&���� 0
E�*OXFRVDPLQLGDVH �������� β�*/8$ $&���� /
*OXFRVH���SKRVSKDWH�LVRPHUDVH ������� *3,�%��� 5: 0

*3,�$� 5: 0
*OXWDKLRQH�UHGXFWDVH ������� *5�� 5: /
*O\FHUDOGHK\GH���SKRVSKDWH
��GHK\GURJHQDVH �������� *$3'+��� $&���� (

*$3'+��
*O\FHURO���SKRVSKDWH ������� *�3'+��� $&�����5: 0�/

*�3'+��
*O\F\O�OHXFLQH�SHSWLGDVH ������ 3(3$�� (%7 0
,VRFLWUDWH�GHK\GURJHQDVH �������� P,'+3��� $&���� 0

P,'+3��
V,'+3���� $&��������� /�(

/DFWDWH�GHK\GURJHQDVH �������� /'+�$���/'+�$� 5: 0
/'+�%���/'+�%� 5: (
/'+�&�
/'+�%� 5: /

/HXF\O�JO\F\O�JO\FLQH�SHSWLGDVH ������ 3(3%�� (%7 0
0DODWH�GHK\GURJHQDVH �������� V0'+�$��� $&���� 0

V0'+�%��� $&���� 0
0DODWH�GHK\GURJHQDVH
���1$'3�GHSHQGHQW� �������� P0(3����P0(3��� $&���� 0

V0(3����
3KRVSKRJOXFRPXWDVH ������� 3*0����3*0�� 5: 0

3*0���� $&���� /�0
��3KRVSKRJOXFRQDWH� �������� 3*'+ $&���� 0�/�(
��GHK\GURJHQDVH
6RUELWRO��LGLWRO��GHK\GURJHQDVH �������� V,''+���� 5: /
6XSHUR[LGH�GLVPXWDVH �������� V62'�� 5: /
7ULRVH�SKRVSKDWH�LVRPHUDVH 73,����73,��� 7* (

73,����73,��
;DQWKLQH�GHK\GURJHQDVH ������ ;'+�� 5: /
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB



$ODVND�)LVKHULHV�7HFKQLFDO�5HSRUW�1XPEHU�����0DUFK����� �

GDWD� VHW� ZDV� UHGXFHG� WR� ��� FROOHFWLRQV� IURP� WKH
RULJLQDO� ��� VLWHV�� WKXV�� VRPH� FROOHFWLRQV� LQFOXGHG
GDWD� IURP� ILVK� FROOHFWHG� IURP� PRUH� WKDQ� RQH� VLWH
ZLWKLQ�D�ULYHU�V\VWHP��H�J���GDWD�IURP�FROOHFWLRQV�DW
WKUHH� VLWHV� LQ� WKH� )LUWK� 5LYHU� V\VWHP� ZHUH
FRPELQHG����7KH�DPRXQW�RI�JHQHWLF�YDULDWLRQ�ZLWKLQ
WKH� ��� FROOHFWLRQV� ZDV� GHVFULEHG� E\� SHUFHQW� RI
SRO\PRUSKLF� ORFL� �3�� DQG� WKH� DYHUDJH� SHUFHQW� RI
KHWHUR]\JRXV� ORFL� SHU� LQGLYLGXDO� �+��� � ([SHFWHG
KHWHUR]\JRVLW\� IRU� HDFK� ORFXV� ZDV� FDOFXODWHG� ZLWK
WKH� REVHUYHG� DOOHOH� IUHTXHQFLHV� LQ� HDFK� FROOHFWLRQ
DQG� EDVHG� RQ� H[SHFWHG� UDQGRP�PDWLQJ� SURSRUWLRQV
�+DUG\�:HLQEHUJ��� �,VRORFL�ZHUH� WUHDWHG�DV�D�VLQJOH
ORFXV�IRU�WKHVH�FDOFXODWLRQV��WRWDO�RI����ORFL�RU�ORFXV
FRPELQDWLRQV��

$OOHOH� FRXQWV� E\� ORFXV� ZHUH� FRPSDUHG
VWDWLVWLFDOO\� E\� FRQWLQJHQF\� WDEOH� DQDO\VLV� ZLWK� *�
WHVWV� WR� WHVW� KHWHURJHQHLW\� EHWZHHQ� SDLUV� RI
FROOHFWLRQV��6RNDO�DQG�5RKOI���������%HFDXVH�RI�WKH
UREXVWQHVV� RI� WKH� WHVW�� RQO\� FHOOV� ZLWK� H[SHFWHG
YDOXHV� OHVV� WKDQ� ���� ZHUH� FRPELQHG�� � 7KH� FULWLFDO
YDOXH� XVHG� WR� UHMHFW� WKH� QXOO� K\SRWKHVLV� �QR
GLIIHUHQFHV�� IRU� WKH� *�WHVWV� ZDV� GHFUHDVHG� WR
DFFRXQW� IRU� WKH� LQFUHDVH� LQ� W\SH� ,� HUURU� ZKHQ
PXOWLSOH� WHVWV� RI� WKH� VDPH� K\SRWKHVLV� ZHUH� PDGH
�&RRSHU�������

3DLUZLVH� JHQHWLF� GLVWDQFH� �'�� GDWD� �1HL� �����
ZHUH� FDOFXODWHG� EDVHG� RQ� SRO\PRUSKLF� ORFL� RQO\�
:KHQ�PLVVLQJ�GDWD�RFFXUUHG�IRU�ORFL��GLVWDQFHV�ZHUH
FDOFXODWHG� E\� DVVXPLQJ� WKH� DOOHOH� IUHTXHQFLHV� RI
RWKHU�FROOHFWLRQV�ZLWKLQ�WKH�VDPH�GUDLQDJH��V$$7��
RI�5LEGRQ�ZDV�DVVXPHG�WKH�VDPH�DV�WKDW�IRU�/XSLQH�
V$$7��� DQG� V$$7����� RI� +XODKXOD� ��� ZDV
DVVXPHG� WR� EH� WKH� VDPH� DV� +XODKXOD� ���� DQG
*$3'+���RI�&DQRH�ZDV� DVVXPHG� WR� EH� WKH� VDPH
DV� WKH� DYHUDJH� EHWZHHQ� %DEEDJH� ��� DQG� ����
8QZHLJKWHG� SDLU�JURXS� PHWKRG� FOXVWHU� DQDO\VLV
�83*0$��RI� WKH� GLVWDQFH� FRHIILFLHQWV�ZDV� XVHG� WR
FRQVWUXFW�D�GHQGRJUDP��6QHDWK�DQG�6RNDO�������

7RWDO� JHQH� GLYHUVLW\� �+7�� ZDV� SDUWLWLRQHG� WR
HVWLPDWH� ZLWKLQ�FROOHFWLRQ� �+6��� EHWZHHQ�FROOHFWLRQ
�'67��� DQG� UHODWLYH� JHQH� GLYHUVLW\� �*67�� 1HL� �����
&KDNUDERUW\� ������� � 6DPSOH� GDWD� ZHUH� DQDO\]HG
KLHUDUFKLFDOO\� E\� VLWHV� ZLWKLQ� GUDLQDJHV� DQG� E\
FROOHFWLRQV�IURP�GLIIHUHQW�GUDLQDJHV�

5HVXOWV

*HQHWLF�9DULDELOLW\�ZLWKLQ�&ROOHFWLRQV
)RUW\�QLQH� ORFL� FRGLQJ� IRU� ��� HQ]\PHV� LQ� WKUHH

WLVVXHV�ZHUH�VFRUHG�LQ�WKH�FROOHFWLRQV��7DEOH������2I
WKH����ORFL�H[DPLQHG�����ZHUH�YDULDEOH�DQG����ZHUH

PRQRPRUSKLF�� � 7KH� ��� SRO\PRUSKLF� ORFL� LQFOXGHG
VL[� LVRORFL� �V$$7������ *3,�%����� V,'+3�����
V0'+�$����� V0(3������ V,''+������� � 1R
HYLGHQFH� RI� GHSDUWXUH� IURP� H[SHFWHG� JHQRW\SLF
GLVWULEXWLRQV� �+DUG\�:HLQEHUJ� SURSRUWLRQV�� ZDV
REVHUYHG� LQ� DQ\� FROOHFWLRQ� ZKHQ� WHVWV� IRU� DOO� ORFL
ZHUH�VXPPHG�LQ�WKH�DQDO\VHV�� �,QGLYLGXDO�ORFL�ZHUH
RXW�RI�HTXLOLEULXP��EXW�QR�PRUH�WKDQ�H[SHFWHG�GXH�WR
7\SH� ,� HUURU�� � 3HUFHQW� RI� SRO\PRUSKLF� ORFL� UDQJHG
IURP����� WR� ������ �DYHUDJH� ����� 6( ������7DEOH
�����$YHUDJH�KHWHUR]\JRVLW\�UDQJHG�IURP�����WR�����
DQG� RYHUDOO� DOO� FROOHFWLRQV� ZDV� ����� �6( �������
/RZHVW� KHWHUR]\JRVLW\� ������� ZDV� REVHUYHG� LQ
UHVLGHQW� FKDU� FROOHFWHG� IURP� 6DGOHURFKLW� 6SULQJV�
1R�DOOHOH�VXEVWLWXWLRQV�ZHUH�REVHUYHG�DPRQJ�VWRFNV
DW�DQ\�ORFXV�

*HQHWLF�9DULDELOLW\�DPRQJ�6DPSOHV
'DWD� VHWV� IURP� FROOHFWLRQV� RI� FKDU�� PDGH� DW

GLIIHUHQW�VLWHV�RU�LQ�GLIIHUHQW�\HDUV�ZHUH�QRW�GLIIHUHQW
ZLWKLQ� WKH� $LFKLOLN�� &DQQLQJ�� )LUWK�� DQG� .RQJDNXW
GUDLQDJHV�� QRU� EHWZHHQ� WKH� ,YLVKDN� DQG� (FKRRND
ULYHUV� ZLWKLQ� WKH� 6DJDYDQLUNWRN� V\VWHP�� DQG� WKXV
WKHVH� GDWD� VHWV� ZHUH� SRROHG� �3!������ 7DEOH� ���
6LPLODUO\��FKDU�IURP�+XODKXOD�5LYHU�VLWHV����DQG���
DQG� IURP� VLWHV� ��� DQG� ��� ZHUH� QRW� GLIIHUHQW�
+RZHYHU�� ZKHQ� GDWD� IURP� WKHVH� FKDU� ZHUH� SRROHG
�+XODKXOD� ���� +XODKXOD� ���� UHVSHFWLYHO\�� DQG
FRPSDUHG�� GLIIHUHQFHV� ZHUH� GHWHFWHG� �7DEOH� ���
:LWKLQ�WKH�6DJDYDQLUNWRN�V\VWHP��WHVWV�RI�WKH�SRROHG
GDWD�IURP�WKH�,YLVKDN�DQG�(FKRRND�ULYHUV�DJDLQVW�WKH
GDWD� IURP� FKDU� FROOHFWHG� IURP� WKH� 5LEGRQ� DQG
/XSLQH� ULYHUV� UHYHDOHG� VLJQLILFDQW� GLIIHUHQFHV�
6LJQLILFDQW� GLIIHUHQFHV� DOVR� ZHUH� REVHUYHG� DPRQJ
WKH�WKUHH�FROOHFWLRQV�IURP�ZLWKLQ�WKH�%DEEDJH�5LYHU
V\VWHP�� �1R�GLIIHUHQFHV�ZHUH�REVHUYHG� LQ� WKRVH�*�
WHVWV� WKDW�FRPSDUHG�UHVLGHQW�FKDU� IURP� WKH�&DQQLQJ
5LYHU��VLWH����6KXEOLN�6SULQJV��DQG�)LUWK�5LYHU��VLWH
���� WR� DQDGURPRXV� FKDU� ZLWKLQ� HDFK� V\VWHP�
+RZHYHU�� XSVWUHDP� UHVLGHQW� ILVK� IURP� %DEEDJH
5LYHU��VLWH�����ZHUH�GLIIHUHQW�IURP�WKH�GRZQVWUHDP
FROOHFWLRQ��VLWH�����DQG�FKDU�IURP�D�WULEXWDU\��&DQRH
5LYHU�VLWH������ �$IWHU�FRPELQLQJ� OLNH�GDWD� VHWV� �VHH
PHWKRGV��� ��� FROOHFWLRQV� ZHUH� XVHG� LQ� VXEVHTXHQW
DQDO\VHV�� � 7KH� ��� FROOHFWLRQV� ZHUH� VLJQLILFDQWO\
GLIIHUHQW� IURP� HDFK� RWKHU�� EDVHG� RQ� D�*�WHVW� RI� DOO
VWRFNV� DQG� VXPPHG� RYHU� DOO� YDULDEOH� ORFL� �*������
GI �����3���������
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7$%/(������*HQH�IUHTXHQFLHV�RI�YDULDEOH�ORFL�LQ����FROOHFWLRQV�RU�SRROHG�FROOHFWLRQV�RI�'ROO\�9DUGHQ�FKDU�VDPSOHG�LQ������������DQG������IURP�WKH�%HDXIRUW�6HD�DUHD
RI�$ODVND�DQG�&DQDGD���9DULDQWV�RI�GXSOLFDWHG�ORFL�ZHUH�DUELWUDULO\�DVVLJQHG�WR�RQH�ORFXV�RI�WKH�SDLU���2QO\�IUHTXHQFLHV�RI�DOWHUQDWH�DOOHOHV�RWKHU�WKDQ�����DUH�JLYHQ�
1DPHV� RI� ORFL� �DEEUHYLDWHG� KHUH�� DUH� LQ� 7DEOH� ��� � 1R� GDWD� �1'�� ZHUH� DYDLODEOH� IURP� VRPH� FROOHFWLRQV� DW� VRPH� ORFL�� � &RGHV� IRU� FROOHFWLRQV� DUH�� $, $LFKLOLN�
$1 $QDNWXYXN�� %� %DEEDJH� ���� %� %DEEDJH� ���� &1 &DQQLQJ�� &$ &DQRH�� (*�(JDNVUDN�� ), )LUWK�� +� +XODKXOD� ���� +� +XODKXOD� ���� ,9 ,YLVKDN�(FKRRND�
.$ .DYLN��.2 .RQJDNXW��/8 /XSLQH��5, 5LEGRQ��6$ 6DGOHURFKLW�6SULQJ���6HH�7DEOH���IRU�IXUWKHU�GHVFULSWLRQ�RI�FROOHFWLRQV�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

&ROOHFWLRQV
�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

$OOHOH�QDPH
/RFXV 1 $, $1 %� %� &1 &$ (* ), +� +� ,9 .$ .2 /8 5, 6$
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
V$$7�� �� ����� ����� ����� ����� ����� ����� ����� ����� ����� 1' ����� ����� ����� ����� 1' �����

1 �� �� �� �� ��� �� �� �� �� �� �� �� �� �� �� ��
V$$7���� �� ����� ����� ����� ����� ����� ����� ����� ����� ����� 1' ����� ����� ����� ����� ����� �����

��� ����� ����� ����� ����� ����� ����� ����� ����� ����� 1' ����� ����� ����� ����� ����� �����
1 �� �� �� �� ��� �� �� ��� �� �� �� �� �� �� �� ��

V$+�� ��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1 �� �� �� �� ��� �� �� ��� �� �� �� �� �� �� �� ��

*$3'+�� 1XOO ����� ����� ����� ����� ����� 1' ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1 �� �� �� �� ��� �� �� ��� �� �� �� �� �� �� �� ��

*3,�%��� �� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1 �� �� �� �� ��� �� �� ��� �� �� �� �� �� �� �� ��

*3,�$� �� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1 �� �� �� �� ��� �� �� ��� �� �� �� �� �� �� �� ��

P,'+3�� ��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1 �� �� �� �� ��� �� �� ��� �� �� �� �� �� �� �� ��

V,'+3���� �� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1 �� �� �� �� ��� �� �� ��� �� �� �� �� �� �� �� ��

/'+�&� �� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1 �� �� �� �� ��� �� �� ��� �� �� �� �� �� �� �� ��

V0'+�$��� ��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1 �� �� �� �� ��� �� �� ��� �� �� �� �� �� �� �� ��
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7$%/(����FRQWLQXHG

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

&ROOHFWLRQV
�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

$OOHOH�QDPH
/RFXV 1 $, $1 %� %� &1 &$ (* ), +� +� ,9 .$ .2 /8 5, 6$
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
V0(3���� �� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

1 �� �� �� �� ��� �� �� ��� �� �� �� �� �� �� �� ��
3*'+�� �� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

1 �� �� �� �� ��� �� �� ��� �� �� �� �� �� �� �� ��
3*0�� �� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

1 �� �� �� �� ��� �� �� ��� �� �� �� �� �� �� �� ��
V,''+���� �� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

1 �� �� �� �� ��� �� �� ��� �� �� �� �� �� �� �� ��
V62'�� ��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1 �� �� �� �� ��� �� �� ��� �� �� �� �� �� �� �� ��

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB



$ODVND�)LVKHULHV�7HFKQLFDO�5HSRUW�1XPEHU�����0DUFK�������� �

7$%/(������([SHFWHG�DYHUDJH�SHUFHQW�RI�ILVK�KHWHUR]\JRXV�SHU�ORFXV��+���DQG�SHUFHQW�RI�ORFL�H[DPLQHG�WKDW
ZHUH�SRO\PRUSKLF�LQ����SRSXODWLRQV�RI�'ROO\�9DUGHQ�FKDU�VDPSOHG�IURP�WULEXWDULHV�RI�WKH�%HDXIRUW�6HD�LQ
$ODVND�DQG�&DQDGD���7KH�DYHUDJH�YDOXH�RI�+�RYHU�DOO�SRSXODWLRQV�ZHUH�ZHLJKWHG�E\�VDPSOH�VL]H��VWDQGDUG
HUURUV�IRU�DYHUDJH�+�DQG�DYHUDJH���RI�SRO\PRUSKLF�ORFL�DUH�LQ�SDUHQWKHVHV��

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'UDLQDJH�6LWHV <HDU 1 ��+ 3RO\PRUSKLF�ORFL��
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$LFKLOLN�5LYHU ��������� �� ���� ����
&ROYLOOH�5LYHU

$QDNWXYXN ���� �� ���� ����
%DEEDJH�5LYHU

�� ���� �� ���� ����
�� ���� �� ���� ���
&DQRH�5LYHU ���� �� ���� ���

&DQQLQJ�5LYHU
��6LWHV ��������� ��� ���� ����

(JDNVUDN�5LYHU ���� �� ���� ����
)LUWK�5LYHU

��6LWHV ��������� ��� ���� ����
+XODKXOD�5LYHU

�� ��������� �� ���� ����
�� ���� �� ���� ����

7DEOH����&RQWLQXHG

.DYLN�5LYHU ���� �� ���� ����

.RQJDNXW�5LYHU ��������� �� ���� ����
6DGOHURFKLW�6SULQJ ���� �� ���� ���
6DJDYDQLUNWRN�5LYHU

,YLVKDN�(FKRRND ���� �� ���� ����
/XSLQH�5LYHU ���� �� ���� ����
5LEGRQ�5LYHU ���� �� ���� ����

7RWDO� ����
$YHUDJH��6(� ����������� ����������
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB



$ODVND�)LVKHULHV�7HFKQLFDO�5HSRUW�1XPEHU�����0DUFK������� ��

7$%/(���� �+HWHURJHQHLW\� WHVWV� �*�� RI� DOOR]\PH� GDWD� DPRQJ� FROOHFWLRQV� RI�'ROO\�9DUGHQ� VDPSOHG� DW
GLIIHUHQW� VLWHV� DQG�RU� GLIIHUHQW� \HDUV�ZLWKLQ� D� ULYHU� V\VWHP�� �3�!� �����ZDV� XVHG� DV� WKH� FULWHULRQ� IRU
SRROLQJ�GDWD�IRU�IXUWKHU�DQDO\VHV�� �'HJUHHV�RI�IUHHGRP��GI��UHIOHFW� WKH�QXPEHU�RI�YDULDEOH� ORFL� LQ� WKH
FRPSDULVRQV���6LWH�QXPEHUV�UHIHU�WR�WKRVH�XVHG�LQ�7DEOH���DQG�)LJXUH���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
&ROOHFWLRQ 6LWH�1XPEHUV <HDU * GI 3
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
$LFKLOLN ������ ��������� ����� �� �����
%DEEDJH ���������� ��������� ����� � ������
&DQQLQJ ����������� ��������� ����� � �����
)LUWK �������� ��������� ����� �� �����
+XODKXOD ������SRROHG�YV�

������SRROHG ��������� ����� � ������
.RQJDNXW ����� ��������� ���� �� �����
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'UDLQDJH VLWHV VLWHV VLWHV GUDLQDJHV 7RWDO VLWHV VLWHV GUDLQDJHV
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%DEEDJH�5LYHU � ������ ������ ������ ���� ���
+XODKXOD�5LYHU � ������ ������ ������ ���� ���
6DJDYDQLUNWRN � ������ ������ ������ ���� ���

$YHUDJH �� ������ ������ ������ ������ ���� ��� ���
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&OXVWHU� DQDO\VLV� RI� JHQHWLF� GLVWDQFHV� �1HL¶V�
EHWZHHQ� WKH� FKDU� FROOHFWLRQV� ZLWK� FORVH� JHQHWLF
DIILQLW\� WKDW� ZHUH� DOVR� JHRJUDSKLF� QHLJKERUV
�)LJXUH� ���� � )RU� H[DPSOH�� FKDU� IURP� WKH�$LFKLOLN
5LYHU�� IURP� WKH� PLGGOH� RI� WKH� FRDVWDO� DUHD
VDPSOHG�� ZHUH� JURXSHG� ZLWK� FKDU� IURP� WKH
.RQJDNXW�5LYHU�ORFDWHG�WR�WKH�HDVW�DSSUR[LPDWHO\
��� NP� �)LJXUH� ���� � 6LPLODUO\�� FKDU� IURP� WKH
,YLVKDN�(FKRRND�� .DYLN�� DQG� &DQQLQJ� ULYHUV
IRUPHG�D�JURXS� WKDW� UHSUHVHQWHG� FROOHFWLRQV� IURP
WKH� ZHVWHUQ� UHJLRQ� RI� WKH� FRDVWDO� DUHD� VDPSOHG�
�)LJXUH� �� DQG� ���� � +RZHYHU�� WKH� FRUUHVSRQGHQFH
EHWZHHQ� JHQHWLF� DQG� JHRJUDSKLF� GLVWDQFHV� ZDV
ZHDN� LQ� WKH� KLHUDUFKLDO� JURXSLQJV�� � )RU� H[DPSOH�
WKH�ZHVWHUQ�JURXS�LGHQWLILHG�DERYH�DV�QH[W� OLQNHG
WR�FKDU�IURP�%DEEDJH�����%DEEDJH�����DQG�&DQRH�
WKH�HDVWHUQ�PRVW�VLWHV�LQ�&DQDGD���$OVR�FKDU�IURP
WKH�/XSLQH�DQG�5LEGRQ�ULYHUV�RI�WKH�6DJDYDQLUNWRN
V\VWHP�LQ�WKH�ZHVW�ZHUH�JURXSHG�WRJHWKHU�EXW�ZHUH
MRLQHG� QH[W� WR� FKDU� IURP� WKH� )LUWK� 5LYHU� LQ� WKH
HDVW�� �7KH�JUHDWHVW� SDLUZLVH� JHQHWLF� GLVWDQFH�ZDV
EHWZHHQ� WKH� 6DGOHURFKLW� 6SULQJV� FKDU� �D� UHVLGHQW
IRUP��DQG�DOO� RWKHU� FROOHFWLRQV� QH[W� WR� FKDU� IURP
WKH�)LUWK�5LYHU�LQ�WKH�HDVW�� �7KH�JUHDWHVW�SDLUZLVH
JHQHWLF� GLVWDQFH� ZDV� EHWZHHQ� WKH� 6DGOHURFKLW
6SULQJV� FKDU� �D� UHVLGHQW� IRUP�� DQG� DOO� RWKHU
FROOHFWLRQV�

9DULDWLRQ� DPRQJ� LQGLYLGXDOV� ZLWKLQ
FROOHFWLRQV� DFFRXQWHG� IRU� ���� RI� WKH� WRWDO� JHQH
GLYHUVLW\�REVHUYHG��7DEOH������0RVW�RI�WKH�EDODQFH
RI�WKH�YDULDWLRQ�REVHUYHG������ZDV�DWWULEXWDEOH�WR
GLIIHUHQFHV�DPRQJ� WKH����GUDLQDJHV�ZLWK�D�PLQRU
FRPSRQHQW� GXH� WR� GLIIHUHQFHV� ZLWKLQ� GUDLQDJHV
�����

'LVFXVVLRQ

$PRXQW�DQG�3DWWHUQ�RI�*HQHWLF�9DULDWLRQ
7KH�DYHUDJH�KHWHUR]\JRVLW\�REVHUYHG�LQ�'ROO\

9DUGHQ� FKDU� �+�  � ������� IURP� %HDXIRUW� 6HD
GUDLQDJHV�ZDV�LQ�WKH�UDQJH�W\SLFDO�RI�ILVK�VSHFLHV
LQ�JHQHUDO��+� �������� �1HYR�HW�DO��������� �0RUH
YDULDWLRQ� DV� PHDVXUHG� E\� DYHUDJH� KHWHUR]\JRVLW\
ZDV�REVHUYHG�LQ�%HDXIRUW�6HD�'ROO\�9DUGHQ�FKDU
WKDQ� LQ� $UFWLF� FKDU� 6DOYHOLQXV� DOSLQXV� RI� 1RUWK
$PHULFD��,UHODQG��6ZHGHQ��DQG�1RUZD\��+� �����
�� ������� .RUQILHOG� HW� DO�� ������ )HUJXVRQ� �����
$QGHUVVRQ�HW�DO��������+LQGDU�HW�DO����������0RVW
$UFWLF� FKDU� VDPSOHG� IRU� WKH� VWXGLHV� OLVWHG� DERYH
ZHUH� IURP� ODQGORFNHG� ODNH� SRSXODWLRQV�� EXW
DQDGURPRXV� DQG� VPDOO�� UHVLGHQW� �GZDUI�� VWRFNV

ZHUH�DOVR�LQFOXGHG�LQ�VRPH�FDVHV���7KH�DPRXQW�RI
YDULDWLRQ� LQ�%HDXIRUW�6HD�'ROO\�9DUGHQ�FKDU�ZDV
FORVHU� WR� WKH� DYHUDJH� UHSRUWHG� IRU� DQDGURPRXV
VDOPRQLGV� �+�  � ������� � *\OOHQVWHQ� ������ DQG
WDEXODWHG�LQ�$OWXNKRY�DQG�6DOPHQNRYD�������WKDQ
IRU�$UFWLF�FKDU�

(YLGHQFH� IRU� VHSDUDWH� SRSXODWLRQV� ZLWKLQ� D
GUDLQDJH� RFFXUUHG� LQ� WKUHH� �%DEEDJH�� +XODKXOD�
DQG� 6DJDYDQLUNWRN�� RI� WKH� VHYHQ� ULYHU� V\VWHPV
ZKHUH� PRUH� WKDQ� RQH� FROOHFWLRQ� KDG� EHHQ� WDNHQ�
:LWKLQ� WKH� %DEEDJH� 5LYHU� V\VWHP�� WKH� &DQRH
5LYHU� FROOHFWLRQ� ZDV� VLJQLILFDQWO\� GLIIHUHQW� IURP
WKH� WZR� %DEEDJH� 5LYHU� FROOHFWLRQV�� VLPLODU� WR
REVHUYDWLRQV� E\� 5HLVW� �������� � 7KH� LVRODWHG
SRSXODWLRQ� DERYH� WKH� ZDWHUIDOO� RQ� WKH� %DEEDJH
5LYHU� �%DEEDJH� ���� 6LWH� ���� ZDV� GLIIHUHQW� IURP
ERWK� RWKHU� FROOHFWLRQV� ZLWKLQ� WKDW� V\VWHP
�SULPDULO\�GXH�WR�IL[DWLRQ�RI�WKH�FRPPRQ�DOOHOH�DW
*3,�$���� EXW�ZDV�PRVW� VLPLODU� WR� WKH� FROOHFWLRQ
EHORZ� WKH� IDOOV� �%DEEDJH� ���� VLWH� ���� )LJXUH� ���
7KH� GLIIHUHQFHV� REVHUYHG� EHWZHHQ� FROOHFWLRQV
IURP� XSVWUHDP� DQG� GRZQVWUHDP� LQ� WKH� +XODKXOD
5LYHU� ZHUH� QRW� H[SHFWHG�� GXH� WR� WKH� ODFN� RI
K\GURJUDSKLF� FRPSOH[LW\� LQ� WKH� ULYHU� V\VWHP�
3RVVLEO\�� WKH� VHULHV� RI� RYHUZLQWHULQJ� DQG
VSDZQLQJ� SRROV� ���� �� ��� NP� DSDUW�� WKDW
FKDUDFWHUL]H� WKLV� V\VWHP� VHUYHV� WR� LVRODWH� ORFDO
VWRFNV�� � (YLGHQFH� IRU� VHSDUDWH� FKDU� SRSXODWLRQV
DOVR� RFFXUUHG� ZLWKLQ� WKH� 6DJDYDQLUNWRN� 5LYHU
V\VWHP� �,YLVKDN�(FKRRND�� /XSLQH�� DQG� 5LEGRQ
ULYHUV���HYHQ�WKRXJK�VHYHUDO�VWRFNV�PD\�UHO\�RQ�WKH
VDPH�RYHUZLQWHULQJ�DUHD�LQ�WKH�,YLVKDN�5LYHU��VHH
<RVKLKDUD� ������)XUQLVV� ������ ������� �%DVHG� RQ
WKHVH� GDWD�� PRUH� WKDQ� RQH� SRSXODWLRQ� RI� 'ROO\
9DUGHQ� FKDU� ZLWKLQ� HDFK� %HDXIRUW� 6HD� ULYHU
GUDLQDJH� VKRXOG� EH� DQWLFLSDWHG� ZKHQ� DVVHVVLQJ
HFRORJLFDO�DQG�JHQHWLF�ULVNV�IURP�GHYHORSPHQW�RU
H[SORLWDWLRQ�

5LYHU� V\VWHPV� WKDW� H[KLELWHG� QR� JHQHWLF
GLIIHUHQFHV�DPRQJ�'ROO\�9DUGHQ� FKDU� FROOHFWLRQV
LQFOXGHG�WKRVH�ZLWK�PXOWLSOH�FROOHFWLRQV� IURP� WKH
VDPH� VLWH� LQ� GLIIHUHQW� \HDUV� DQG� IURP� PXOWLSOH
VLWHV�� � $OOHOH� IUHTXHQFLHV� ZHUH� VLPLODU� LQ
FROOHFWLRQV� IURP� JHRJUDSKLFDOO\� FORVH� VLWHV
VDPSOHG� LQ� WZR� GLIIHUHQW� \HDUV� �$LFKLOLN�
.RQJDNXW�� DQG� +XODKXOD� ULYHUV��� � 1R� VLJQLILFDQW
GLIIHUHQFHV� RYHU� DOO� ORFL� ZHUH� REVHUYHG� DPRQJ
WKUHH�FROOHFWLRQV� IURP� VLWHV� ������� �)LJXUH� ��� RQ
WKH� )LUWK� 5LYHU� V\VWHP� �WKLV� VWXG\�� 7DEOH� ���
+RZHYHU��LQ�DQRWKHU�VWXG\�D�VLJQLILFDQW�GLIIHUHQFH
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),*85(�����'HQGRJUDP�EDVHG�RQ�FOXVWHU�DQDO\VLV�RI�1HL¶V�JHQHWLF�GLVWDQFHV�EDVHG�RQ�SRO\PRUSKLF�ORFL�RQO\
FDOFXODWHG� EHWZHHQ� 'ROO\� 9DUGHQ� FKDU� FROOHFWLRQV� IURP� %HDXIRUW� 6HD� WULEXWDULHV� LQ� QRUWKHUQ� $ODVND� DQG
&DQDGD���6LWH�QXPEHUV�UHIHU�WR�WKRVH�XVHG�LQ�7DEOH���DQG�)LJXUH���
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DW� D� VLQJOH� ORFXV�ZDV� UHSRUWHG� EHWZHHQ� WZR� FKDU
FROOHFWLRQV�IURP�WKH�)LUWK�5LYHU��5HLVW���������1R
GLYHUJHQFH� ZDV� GHWHFWHG� DPRQJ� FROOHFWLRQV� IURP
PXOWLSOH� VLWHV� LQ� WKH� &DQQLQJ� 5LYHU� GUDLQDJH�
WKRXJK� RQH� RI� WKH� FROOHFWLRQ� FRQWDLQHG� UHVLGHQW
'ROO\�9DUGHQ�FKDU������6KXEOLN�6SULQJV��

7KH�JHQHWLF�GLYHUJHQFH�REVHUYHG�DPRQJ�'ROO\
9DUGHQ�FKDU�SRSXODWLRQV�RI�GLIIHUHQW�ULYHU�V\VWHPV
KDV� OLNHO\� EHHQ� PDLQWDLQHG� E\� KRPLQJ� EHKDYLRU
�H�J��� )XUQLVV� ������ &UDLJ� DQG� 0F&DUW� ������
$OWKRXJK� 'ROO\� 9DUGHQ� FKDU� DUH� NQRZQ� WR
RYHUZLQWHU�LQ�QRQ�QDWDO�GUDLQDJHV��H�J���$UPVWURQJ
������ &UDLJ� ����D��� WKH� SDWWHUQ� RI� UHODWLRQVKLSV
DPRQJ� VWRFNV� LQGLFDWHG� WKDW� VXIILFLHQW� LVRODWLRQ
H[LVWV� WR� SHUPLW� JHQHWLF� GLIIHUHQWLDWLRQ� RI
SRSXODWLRQV�� �7KH�GLIIHUHQWLDWLRQ�REVHUYHG�DPRQJ
'ROO\� 9DUGHQ� FKDU� LQ� WKLV� VWXG\� ZDV� LQ� DFFRUG
ZLWK� D� SUHYLRXV� VWXG\� WKDW� GRFXPHQWHG� JHQHWLF
GLIIHUHQFHV�EHWZHHQ�FKDU�IURP�WKH�%DEEDJH�5LYHU�
)LUWK�5LYHU�� DQG� WZR�0DFNHQ]LH�5LYHU� WULEXWDULHV
�5HLVW�������

7KH� JHQH� GLYHUVLW\� REVHUYHG� DPRQJ
DQDGURPRXV� ZHVWHUQ� %HDXIRUW� 6HD� 'ROO\� 9DUGHQ
FKDU�LQ�WKLV�VWXG\��*67� �������ZDV�VLPLODU�WR�WKDW
UHSRUWHG� IRU� RWKHU� DQDGURPRXV� VDOPRQLGV� WKDW
KDYH� EHHQ� VWXGLHG� �*\OOHQVWHQ� ������ DQG
FRUUHVSRQGHG�WR�ZKDW�KDV�EHHQ�FRQVLGHUHG�DV�ORFDO
GLIIHUHQFHV��5\PDQ���������7KH�OHYHO�RI�EHWZHHQ�
VWRFN�GLYHUVLW\�DPRQJ�%HDXIRUW�6HD�'ROO\�9DUGHQ
FKDU� ����� ZDV� OHVV� WKDQ� WKDW� RI� QRQ�PLJUDWRU\
$UFWLF� FKDU� ���� �� ����� .RUQILHOG� HW� DO�� �����
$QGHUVVRQ� HW� DO�� ������ +LQGDU� HW� DO�� ������
W\SLFDOO\� IURP� LVRODWHG� ODNH� KDELWDWV�� � 7KH� ��
EHWZHHQ�VWRFN� GLYHUVLW\� ZH� REVHUYHG
FRUUHVSRQGHG� WR� WKH� OHYHO� RI� GLIIHUHQWLDWLRQ� ��� �
����� GHVFULEHG� DV� PRGHUDWH� LQ� YDULRXV� WD[D
�:ULJKW�������

/LIH�KLVWRU\�GLIIHUHQFHV
7KH� JHQHUDO� SDWWHUQ� RI� JHQHWLF� YDULDWLRQ

DPRQJ� FROOHFWLRQV� ZDV� QRW� VWURQJO\� DVVRFLDWHG
ZLWK� DQDGURPRXV� YHUVXV� VWUHDP�UHVLGHQW� OLIH
KLVWRU\� W\SHV�� � 7\SLFDOO\�� PRUH� VLPLODULW\� ZDV
REVHUYHG� EHWZHHQ� FROOHFWLRQV� RI� UHVLGHQW� DQG
DQDGURPRXV� FKDU� LQ� WKH� VDPH� GUDLQDJH� WKDQ� WR
UHVLGHQW� SRSXODWLRQV� HOVHZKHUH�� � 7KRXJK� WKH
%DEEDJH�5LYHU����FROOHFWLRQ��DERYH�WKH�ZDWHUIDOO�
DQG� 6DGOHURFKLW� 6SULQJ� FKDU� �IURP� D� VSULQJ� DUHD
QRW� NQRZQ� WR� LQFOXGH� DQDGURPRXV� LQGLYLGXDOV�
&UDLJ�����E��ZHUH� JHQHWLFDOO\� GLVWLQFW� DQG� OLNHO\
UHSURGXFWLYHO\� LVRODWHG� IURP� RWKHU� VWRFNV�� WKH
DSSDUHQW�GLYHUJHQFH�RI�WKHVH�VWRFNV�ZDV�UHODWHG�WR

WKH� ORZ� OHYHO� RI� YDULDELOLW\� ������� ��+� �� ������
REVHUYHG� UDWKHU� WKDQ� WKH� SUHVHQFH� RI� XQLTXH
DOOHOHV�� � ,Q� WKH� %DEEDJH� 5LYHU� V\VWHP�� VPDOO
UHVLGHQW�'ROO\�9DUGHQ� FKDU� SUHVXPHG� WR� EH� IURP
DERYH�WKH�ZDWHUIDOO�KDYH�EHHQ�REVHUYHG�VSDZQLQJ
ZLWK� ODUJH� DQDGURPRXV�'ROO\�9DUGHQ� FKDU� EHORZ
WKH� IDOOV� �%DLQ� ������� � 7KLV� XQL�GLUHFWLRQDO
GRZQVWUHDP� JHQH� IORZ� OLNHO\� KDV� SUHYHQWHG� WKH
WZR� SRSXODWLRQV� IURP� GLYHUJLQJ� IXUWKHU�� � 7KH
UHVLGHQW�'ROO\�9DUGHQ�FKDU�RI�WKH�6KXEOLN�6SULQJV
FROOHFWLRQ�ZHUH�QRW�GHWHFWDEO\�GLIIHUHQW�IURP�RWKHU
FROOHFWLRQV� LQ� WKH� &DQQLQJ� 5LYHU� GUDLQDJH� HYHQ
WKRXJK�WKHVH�FKDU�DUH� LVRODWHG�E\�D� IDOOV� �0F&DUW
DQG�&UDLJ�������

,Q� PRVW� RWKHU� VDOPRQLGV� WKDW� KDYH� EHHQ
VWXGLHG��RQO\�D�VPDOO�SHUFHQWDJH�RI�WKH�GLYHUJHQFH
DPRQJ� SRSXODWLRQV� ZDV� GXH� WR� WKH� OLIH�KLVWRU\
GLVWLQFWLRQ�EHWZHHQ�UHVLGHQW�DQG�PLJUDWRU\�IRUPV�
H�J��� UDLQERZ� WURXW� �$OOHQGRUI� DQG� 8WWHU� ������
EURZQ� WURXW� �5\PDQ� DQG�6WDKO� ������� DQG�$UFWLF
FKDU��+LQGDU�HW�DO����������5HVLGHQW�'ROO\�9DUGHQ
FKDU� RI� WKH� %HDXIRUW� 6HD� DUHD� OLNHO\� DURVH
LQGHSHQGHQWO\� LQ� YDULRXV� GUDLQDJHV� ZKHUH
FRQGLWLRQV� ZHUH� XQIDYRUDEOH� RU� LPSRVVLEOH� IRU
PLJUDWLRQ���1RUGHQJ�HW�DO���������IRXQG�WKDW�VRPH
LQGLYLGXDOV� LQ� D� EURRG� RI�$UFWLF� FKDU� �6DOYHOLQXV
DOSLQXV�� UHDUHG� LQ� D� KDWFKHU\� DQG� WKHQ� UHOHDVHG
ZRXOG�PDWXUH�HDUO\�DQG�UHPDLQ�DV�VPDOO�UHVLGHQWV
ZKLOH� RWKHUV� EHFDPH� DQDGURPRXV�� � /LIH� KLVWRU\
VWUDWHJ\� FDQ� DOVR� EH� UHODWHG� WR� IHHGLQJ�� DQG� WKXV
SDUWLDOO\� H[SODLQHG� E\� D� JURZWK�GHSHQGHQW
PDWXULW\��-RQVVRQ�DQG�+LQGDU�������

0DQJHPHQW�,PSOLFDWLRQV
7KH�REVHUYHG�SDWWHUQ�RI�GLIIHUHQWLDWLRQ�DPRQJ

SRSXODWLRQV� ZLWKLQ� DQG� DPRQJ� ULYHU� V\VWHPV
UHIXWHG� WKH� QXOO� K\SRWKHVLV� WKDW� %HDXIRUW� 6HD
'ROO\� 9DUGHQ� FKDU� DUH� D� VLQJOH� SDQPLFWLF
SRSXODWLRQ�� � 1HDUO\� DOO� FROOHFWLRQV� RI� 'ROO\
9DUGHQ� FKDU� IURP� GLIIHUHQW� ULYHU� V\VWHPV� ZHUH
JHQHWLFDOO\�GLVWLQFW��DQG�VHYHUDO�V\VWHPV�VXSSRUWHG
PRUH� WKDQ� RQH� SRSXODWLRQ�� � +XPDQ� DFWLYLW\
DIIHFWLQJ�D�FULWLFDO�KDELWDW�LQ�ORFDOL]HG�DUHDV��VXFK
DV�DQ�RYHUZLQWHULQJ�DUHD�RU�DFFHVV�WR�%HDXIRUW�6HD
FRDVWDO� IHHGLQJ� DUHDV� LQ� VXPPHU�� FRXOG� WKUHDWHQ
LQGLYGXDO�SRSXODWLRQV�RI�'ROO\�9DUGHQ�FKDU� IURP
WKLV�UHJLRQ���)RU�DQDGURPRXV�SRSXODWLRQV��FKDQJHV
LQ� WKHLU� GLVWULEXWLRQ� DQG� DEXQGDQFH� ZLOO� DIIHFW
VSHFLHV�DEXQGDQFH�ZLWKLQ�D�EURDG�FRDVWDO�DUHD�WKDW
VHUYHV� DV� DQ� LPSRUWDQW� ILVKLQJ� DUHD�� � /RVV� RI
SRSXODWLRQV� ZRXOG� UHGXFH� WKH� RYHUDOO� JHQHWLF
GLYHUVLW\�RI�WKH�UHJLRQ
V�'ROO\�9DUGHQ�FKDU�
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$FNQRZOHGJPHQWV

7KLV� VWXG\� ZDV� IXQGHG� E\� WKH� 0LQHUDOV
0DQDJHPHQW�6HUYLFH��'HSDUWPHQW�RI� WKH� ,QWHULRU�
WKURXJK� DQ� ,QWHUDJHQF\� $JUHHPHQW� ZLWK� WKH
1DWLRQDO� 2FHDQLF� DQG� $WPRVSKHULF
$GPLQLVWUDWLRQ� �12$$��� 'HSDUWPHQW� RI
&RPPHUFH�� DV� SDUW� RI� WKH� $ODVND� 2XWHU
&RQWLQHQWDO� 6KHOI� (QYLURQPHQWDO� $VVHVVPHQW
3URJUDP���6SHFLDO�WKDQNV�DUH�GXH�WR�5DQG\�%DLOH\
IRUPHUO\�ZLWK�WKH��8�6��)LVK�DQG�:LOGOLIH�6HUYLFH
DQG�/\PDQ�7KRUVWHLQVHQ��12$$��ZKR� VXSSRUWHG
WKLV� VWXG\�� � :H� DOVR� WKDQN� WKH� PDQ\� 6HUYLFH
SHUVRQQHO� RI� WKH� )DLUEDQNV� )LVKHU\� $VVLVWDQFH
2IILFH� ZKR� FROOHFWHG� VDPSOHV�� � 3DWW\� *DOODJKHU�
.ULVWLQ� 'HQQLQJ�� DQG� -RQDWKDQ� 3\DWVNRZLW
SURGXFHG� WKH� ILJXUHV�� � 1RHOOH� +DUGW� DQG� /LVD
%LVKRS�2OW]�KHOSHG�FRPSLOH�WKH�PDQXVFULSW�

5HIHUHQFHV

$HEHUVROG��3��%���*��$��:LQDQV��'��-��7HHO��*��%�
0LOQHU�� DQG� )�� 0�� 8WWHU�� � ������ � 0DQXDO� IRU
VWDUFK� JHO� HOHFWURSKRUHVLV�� D� PHWKRG� IRU� WKH
GHWHFWLRQ� RI� JHQHWLF� YDULDWLRQ�� � 8�6�
'HSDUWPHQW� RI� &RPPHUFH�� 1DWLRQDO� 2FHDQLF
DQG� $WPRVSKHULF� $GPLQLVWUDWLRQ�� 1DWLRQDO
0DULQH�)LVKHULHV�6HUYLFH�7HFKQLFDO�5HSRUW����

$OOHQGRUI�� )�� :��� DQG� *�� +�� 7KRUJDDUG�� � �����
7HWUDSORLG\� DQG� WKH� HYROXWLRQ� RI� VDOPRQLG
ILVKHV�� � 3DJHV� ����� LQ� %�� -�� 7XUQHU�� HGLWRU�
(YROXWLRQDU\�JHQHWLFV�RI�ILVKHV���3OHQXP�3UHVV�
1<�

$OOHQGRUI�� )�� :��� DQG� )�� 0�� 8WWHU�� � �����
3RSXODWLRQ� JHQHWLFV�� � 3DJHV� �������� LQ�:�� 6�
+RDU�� 6�� 6�� 5DQGDOO�� DQG� -�� 5�� %UHWW�� HGLWRUV�
)LVK�SK\VLRORJ\��9ROXPH� ��� �$FDGHPLF�3UHVV�
1<�

$OWXNKRY�� <�� 3��� DQG� (�� $�� 6DOPHQNRYD�� � �����
7KH� JHQHWLF� VWUXFWXUH� RI� VDOPRQ� SRSXODWLRQV�
$TXDFXOWXUH����������

$QGHUVVRQ�� /��� 1�� 5\PDQ�� DQG� *�� 6WnKO�� � �����
3URWHLQ� ORFL� LQ� WKH� $UFWLF� FKDUU�� 6DOYHOLQXV
DOSLQXV� /��� HOHFWURSKRUHWLF� H[SUHVVLRQ� DQG
JHQHWLF� YDULDELOLW\� SDWWHUQV�� � -RXUQDO� RI� )LVK
%LRORJ\����������

$UPVWURQJ�� 5�� +�� � ������ � 0LJUDWLRQ� RI
DQDGURPRXV� 'ROO\� 9DUGHQ� FKDUU� LQ
VRXWKHDVWHUQ� $ODVND� �� D� PDQDJHU
V� QLJKWPDUH�

3DJHV� �������� LQ� /�� -RKQVRQ� DQG�%�/��%XUQV�
HGLWRUV�� � %LRORJ\� RI� WKH� $UFWLF� FKDUU�
3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�6\PSRVLXP�RQ
$UFWLF�&KDUU��:LQQLSHJ��0DQLWRED��0D\������
8QLYHUVLW\�RI�0DQLWRED�3UHVV��:LQQLSHJ�

%DLQ��/��+����������/LIH�KLVWRULHV�DQG�V\VWHPDWLFV
RI�$UFWLF� FKDU� �6DOYHOLQXV� DOSLQXV�� /�� �� LQ� WKH
%DEEDJH� 5LYHU� V\VWHP�� <XNRQ� 7HUULWRU\�
3DJHV� ������ LQ� 3�� -�� 0F&DUW�� HGLWRU�� � /LIH
KLVWRULHV�RI�WKUHH�VSHFLHV�RI�IUHVKZDWHU�ILVKHV�LQ
%HDXIRUW� 6HD� 'UDLQDJHV�� <XNRQ� 7HUULWRU\�
&DQDGLDQ�$UFWLF�*DV�6WXG\�/LPLWHG��%LRORJLFDO
5HSRUW�6HULHV�����&KDSWHU���

%R\HU��6��+���'��&��)DLQHU��DQG�0��$��1DXJKWRQ�
������ � 0\RJORELQ�� � LQKHULWHG� VWUXFWXUDO
YDULDWLRQ�LQ�PDQ���6FLHQFH���������������

&KDNUDERUW\��5����������*HQH�GLYHUVLW\�DQDO\VLV�LQ
QHVWHG� VXEGLYLGHG� SRSXODWLRQV�� � *HQHWLFV
�����������

&OD\WRQ��-��:���DQG�'��1��7UHWLDN�� ��������$PLQH
FLWUDWH� EXIIHUV� IRU� S+� FRQWURO� LQ� VWDUFK� JHO
HOHFWURSKRUHVLV�� � -RXUQDO� RI� WKH� )LVKHULHV
5HVHDUFK�%RDUG�RI�&DQDGD��������������

&RRSHU��'��:�� � ������ � 7KH� VLJQLILFDQFH� OHYHO� LQ
PXOWLSOH� WHVWV�PDGH� VLPXOWDQHRXVO\�� � +HUHGLW\
�����������

&UDLJ�� 3�� &�� � ����D�� � (FRORJLFDO� VWXGLHV� RI
DQDGURPRXV�DQG�UHVLGHQW�SRSXODWLRQV�RI�$UFWLF
FKDU� LQ� WKH� &DQQLQJ� 5LYHU� GUDLQDJH� DQG
DGMDFHQW� FRDVWDO� ZDWHUV� RI� WKH� %HDXIRUW� 6HD�
$ODVND�� � 3DJHV� ������ LQ� 3�� -��0F&DUW�� HGLWRU�
)LVKHULHV� LQYHVWLJDWLRQV�DORQJ� WKH�1RUWK�6ORSH
DQG� %HDXIRUW� 6HD� FRDVW� LQ� $ODVND� ZLWK
HPSKDVLV�RQ�$UFWLF�FKDU���&DQDGLDQ�$UFWLF�*DV
6WXG\� /LPLWHG�� %LRORJLFDO� 5HSRUW� 6HULHV� ���
&KDSWHU���

&UDLJ�� 3�� &�� � ����E�� � $UFWLF� FKDU� LQ� 6DGOHURFKLW
6SULQJ�� $UFWLF� 1DWLRQDO� :LOGOLIH� 5HIXJH�
3DJHV� ����� LQ� 3�� -��0F&DUW�� HGLWRU�� � )LVKHULHV
LQYHVWLJDWLRQV� DORQJ� WKH� 1RUWK� 6ORSH� DQG
%HDXIRUW�6HD�FRDVW�LQ�$ODVND�ZLWK�HPSKDVLV�RQ
$UFWLF� FKDU�� � &DQDGLDQ� $UFWLF� *DV� 6WXG\
/LPLWHG��%LRORJLFDO�5HSRUW�6HULHV��9ROXPH����
&KDSWHU���

&UDLJ�� 3�� &�� ����D�� � 6XEVLVWHQFH� ILVKHULHV� DW
FRDVWDO� YLOODJHV� LQ� WKH� $ODVNDQ� $UFWLF�� �����
������ � %LRORJLFDO� 3DSHUV� RI� WKH� 8QLYHUVLW\� RI
$ODVND������������

&UDLJ�� 3�� &�� � ����E�� � $Q� LQWURGXFWLRQ� WR
DQDGURPRXV� ILVKHV� LQ� WKH� $ODVNDQ� $UFWLF�
%LRORJLFDO�3DSHUV�RI� WKH�8QLYHUVLW\�RI�$ODVND�
���������



$ODVND�)LVKHULHV�7HFKQLFDO�5HSRUW�1XPEHU�����0DUFK����� ��

&UDLJ�� 3�� &��� DQG� 3�� -�� 0F&DUW�� � ������ � )LVK
XWLOL]DWLRQ�RI�QHDUVKRUH�FRDVWDO�ZDWHUV�EHWZHHQ
WKH� &ROYLOOH� DQG� 0DFNHQ]LH� 5LYHUV� ZLWK� DQ
HPSKDVLV�RQ�DQDGURPRXV� VSHFLHV�� �3DJHV� ����
���� LQ� 3�� &�� &UDLJ�� HGLWRU�� � )LVKHULHV
LQYHVWLJDWLRQV� LQ� D� FRDVWDO� UHJLRQ� RI� WKH
%HDXIRUW� 6HD�� &DQDGLDQ� $UFWLF� *DV� 6WXG\
/LPLWHG�$ODVNDQ� $UFWLF� *DV� 6WXG\� &RPSDQ\�
%LRORJLFDO�5HSRUW�6HULHV����

)HUJXVRQ��$����������6\VWHPDWLFV�RI�,ULVK�FKDUU�DV
LQGLFDWHG� E\� HOHFWURSKRUHWLF� DQDO\VLV� RI� WLVVXH
SURWHLQV�� � %LRFKHPLFDO� 6\VWHPDWLFV� DQG
(FRORJ\�����������

)XUQLVV��5��$�� � ������ � ,QYHQWRU\� DQG� FDWDORJXLQJ
RI� $UFWLF� DUHD� ZDWHUV�� � $ODVND�'HSDUWPHQW� RI
)LVK�DQG�*DPH���$QQXDO�5HSRUW���������

)XUQLVV��5��$�� � ������ � ,QYHQWRU\� DQG� FDWDORJXLQJ
RI� $UFWLF� DUHD� ZDWHUV�� $QQXDO� UHSRUW� RI
SURJUHVV�� ����������� � )HGHUDO� $LG� LQ� )LVK
5HVWRUDWLRQ�� � 6SRUW� )LVK� ,QYHVWLJDWLRQV� RI
$ODVND�� � 3URMHFW� )������ 6WXG\� *�,�� � $ODVND
'HSDUWPHQW�RI�)LVK�DQG�*DPH��-XQHDX�

*\OOHQVWHQ�� 8�� � ������ � 7KH� JHQHWLF� VWUXFWXUH� RI
ILVK�� � GLIIHUHQFHV� LQ� WKH� LQWUDVSHFLILF
GLVWULEXWLRQ� RI� ELRFKHPLFDO� JHQHWLF� YDULDWLRQ
EHWZHHQ� PDULQH�� DQDGURPRXV�� DQG� IUHVKZDWHU
VSHFLHV���-RXUQDO�RI�)LVK�%LRORJ\�������������

+LQGDU�� .��� 1�� 5\PDQ�� DQG� *�� 6WnKO�� � �����
*HQHWLF� GLIIHUHQWLDWLRQ� DPRQJ� ORFDO
SRSXODWLRQV� DQG� PRUSKRW\SHV� RI� $UFWLF� FKDUU�
6DOYHOLQXV� DOSLQXV�� � %LRORJLFDO� -RXUQDO� RI� WKH
/LQQHDQ�6RFLHW\������������

-RQVVRQ��%���DQG�.��+LQGDU�� ��������5HSURGXFWLYH
VWUDWHJ\� RI� GZDUI� DQG� QRUPDO� $UFWLF� FKDUU
�6DOYHOLQXV� DOSLQXV�� IURP� 9DQJVYDWQHW� /DNH�
ZHVWHUQ� 1RUZD\�� � &DQDGLDQ� -RXUQDO� RI
)LVKHULHV�DQG�$TXDWLF�6FLHQFHV��������������

.RUQILHOG�� ,��� .�� )�� %HODQG�� -�� 5��0RULQJ� DQG� )�
.LUFKHLV�� � ������ � *HQHWLF� VLPLODULW\� DPRQJ
HQGHPLF� $UFWLF� FKDU� �6DOYHOLQXV� DOSLQXV�� DQG
LPSOLFDWLRQV� IRU� WKHLU�PDQDJHPHQW�� � &DQDGLDQ
-RXUQDO� RI� )LVKHULHV� DQG� $TXDWLF� 6FLHQFHV
���������

0F&DUW�� 3�� � ������ � $� UHYLHZ� RI� WKH� V\VWHPDWLFV
DQG�HFRORJ\�RI�$UFWLF�FKDU��6DOYHOLQXV�DOSLQXV�
LQ� WKH� :HVWHUQ� $UFWLF�� � &DQDGLDQ� 7HFKQLFDO
5HSRUW�� )LVKHULHV� DQG� $TXDWLF� 6FLHQFHV�� 1R�
����&�

0F&DUW��3��-���DQG�3��&��&UDLJ����������/LIH�KLVWRU\
RI� WZR� LVRODWHG� SRSXODWLRQV� RI� $UFWLF� FKDUU
�6DOYHOLQXV�DOSLQXV��LQ�VSULQJ�IHG�WULEXWDULHV�RI
WKH� &DQQLQJ� 5LYHU�� $ODVND�� -RXUQDO� RI� WKH

)LVKHULHV�5HVHDUFK�%RDUG� RI�&DQDGD� ��������
�����

1HL�� 0�� � ������ � *HQHWLF� GLVWDQFH� EHWZHHQ
SRSXODWLRQV�� � $PHULFDQ� 1DWXUDOLVW
������������

1HL�� 0�� � ������ � $QDO\VLV� RI� JHQH� GLYHUVLW\� LQ
VXEGLYLGHG� SRSXODWLRQV�� 3URFHHGLQJV� RI� WKH
1DWLRQDO� $FDGHP\� RI� 6FLHQFHV� 8�6�$�
�������������

1HYR��(���$��%HLOHV��DQG�5��%HQ�6FKORPR�� ������
7KH� HYROXWLRQDU\� VLJQLILFDQFH� RI� JHQHWLF
GLYHUVLW\�� � HFRORJLFDO�� GHPRJUDSKLF� DQG� OLIH
KLVWRU\� FRUUHODWHV�� � /HFWXUH� 1RWHV� LQ
%LRPDWKHPDWLFV�����������

1RUGHQJ��+���������6ROXWLRQ�WR�WKH��FKDU�SUREOHP�
EDVHG� RQ� $UFWLF� FKDU� �6DOYHOLQXV� DOSLQXV�� LQ
1RUZD\�� � &DQDGLDQ� -RXUQDO� RI� )LVKHULHV� DQG
$TXDWLF�6FLHQFHV��������������

5HLVW�� -�� '�� � ������ � *HQHWLF� VWUXFWXULQJ� RI
DOORSDWULF� SRSXODWLRQV� DQG� V\PSDWULF� OLIH
KLVWRU\� W\SHV� RI� FKDUU�� 6DOYHOLQXV
DOSLQXV�PDOPD�� LQ� WKH�ZHVWHUQ�$UFWLF��&DQDGD�
3K\VLRORJ\� DQG� (FRORJ\� -DSDQ�� 6SHFLDO
9ROXPH�����������

5HLVW��-��'���-��'��-RKQVRQ��DQG�7��-��&DUPLFKDHO�
������ �9DULDWLRQ� DQG� VSHFLILF� LGHQWLW\� RI� FKDU
IURP� QRUWKZHVWHUQ�$UFWLF�&DQDGD� DQG�$ODVND�
3DJHV� �������� LQ� -�� 5H\QROGV�� HGLWRU�� � )LVK
HFRORJ\� LQ� $UFWLF� 1RUWK� $PHULFD�� � $PHULFDQ
)LVKHULHV� 6RFLHW\� 6\PSRVLXP� ���� %HWKHVGD�
0DU\ODQG�

5LGJZD\��*��-���6��:��6KHUEXUQH��DQG�5��'��/HZLV�
������ � 3RO\PRUSKLVPV� LQ� WKH� HVWHUDVHV� RI
$WODQWLF�KHUULQJ���7UDQVDFWLRQV�RI�WKH�$PHULFDQ
)LVKHULHV�6RFLHW\������������

5\PDQ�� 1�� � ������ � 3DWWHUQV� RI� GLVWULEXWLRQ� RI
ELRFKHPLFDO� JHQHWLF� YDULDWLRQ� LQ� VDOPRQLGV�
GLIIHUHQFHV� EHWZHHQ� VSHFLHV�� � $TXDFXOWXUH
��������

5\PDQ�� 1��� DQG� *�� 6WnKO�� � ������ � *HQHWLF
SHUVSHFWLYHV� RI� WKH� LGHQWLILFDWLRQ� DQG
FRQVHUYDWLRQ� RI� 6FDQGLQDYLDQ� VWRFNV� RI� ILVK�
&DQDGLDQ� -RXUQDO� RI� )LVKHULHV� DQG� $TXDWLF
6FLHQFHV��������������

6KDNHOHH�� -��%��� )��:��$OOHQGRUI��'�� &��0RUL]RW�
DQG�*��6��:KLWW����������*HQH�QRPHQFODWXUH�IRU
SURWHLQ�FRGLQJ�ORFL�LQ�ILVK���7UDQVDFWLRQV�RI�WKH
$PHULFDQ�)LVKHULHV�6RFLHW\����������

6KDNOHH��-��%���DQG�6��5��3KHOSV����������2SHUDWLRQ
RI� D� ODUJH�VFDOH�� PXOWLDJHQF\� SURJUDP� IRU
JHQHWLF� VWRFN� LGHQWLILFDWLRQ�� � $PHULFDQ
)LVKHULHV�6RFLHW\�6\PSRVLXP�����������
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6QHDWK�� 3�� +�� $��� DQG� 5�� 5�� 6RNDO�� � �����
1XPHULFDO�WD[RQRP\���)UHHPDQ��6DQ�)UDQFLVFR�

6RNDO�� 5�� 5��� DQG� )�� -�� 5RKOI�� � ������ � %LRPHWU\
��QG��HGLWLRQ����)UHHPDQ��6DQ�)UDQFLVFR�

:ULJKW�� 6�� � ������ �(YROXWLRQ� DQG� WKH� JHQHWLFV� RI
SRSXODWLRQV�� � 9RO�� ��� � 9DULDELOLW\� ZLWKLQ� DQG
DPRQJ� SRSXODWLRQV� 8QLYHUVLW\� RI� &KLFDJR
3UHVV��&KLFDJR�

<RVKLKDUD�� +�� 7�� � ������ � 0RQLWRULQJ� DQG
HYDOXDWLRQ� RI� $UFWLF� ZDWHUV� ZLWK� HPSKDVLV� RQ
WKH�1RUWK�6ORSH�GUDLQDJHV�LQ�$QQXDO�5HSRUW�RI
3URJUHVV�� ����������� )HGHUDO� $LG� LQ� )LVK
5HVWRUDWLRQ�� � 6SRUW� )LVK� ,QYHVWLJDWLRQV� RI
$ODVND�� � 3URMHFW� )������ -RE� *�,,,�$�� � $ODVND
'HSDUWPHQW�RI�)LVK�DQG�*DPH����-XQHDX��$.�
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6WRFN�2ULJLQV�RI�'ROO\�9DUGHQ�&ROOHFWHG�IURP�%HDXIRUW
6HD�&RDVWDO�6LWHV�RI�$UFWLF�$ODVND�DQG�&DQDGD

&+$5/(6�&��.58(*(5

&RUQHOO�8QLYHUVLW\��'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV��&ROGZDWHU�5HVHDUFK�3URJUDP
&ROOHJH�RI�$JULFXOWXUH�DQG�/LIH�6FLHQFHV��)HUQRZ�+DOO��,WKDFD��1HZ�<RUN���������86$

5,&+$5'�/��:,/027
�

8�6��*HRORJLFDO�6XUYH\��%LRORJLFDO�5HVRXUFHV�'LYLVLRQ��$ODVND�6FLHQFH�&HQWHU
�����(DVW�7XGRU�5RDG��$QFKRUDJH��$ODVND��������86$

5(%(&&$�-��(9(5(77�

8�6��)LVK�DQG�:LOGOLIH�6HUYLFH��)LVK�*HQHWLFV�/DERUDWRU\
�����(DVW�7XGRU�5RDG��$QFKRUDJH��$ODVND��������86$

$EVWUDFW�����$QDGURPRXV�QRUWKHUQ�'ROO\�9DUGHQ�6DOYHOLQXV�PDOPD�VXSSRUW�D�VXPPHU�VXEVLVWHQFH�ILVKHU\�LQ�%HDXIRUW
6HD�FRDVWDO�ZDWHUV���7KHVH�VDPH�ZDWHUV�FRLQFLGH�ZLWK�DUHDV�RI�RLO�DQG�JDV�H[SORUDWLRQ�DQG�GHYHORSPHQW���7KH�SXUSRVH�RI
WKLV�VWXG\�ZDV� WR�DVVHVV�YDULDWLRQ� LQ�VWRFN�RULJLQV�RI�'ROO\�9DUGHQ�FROOHFWHG�IURP�VLWHV�DORQJ�����NP�RI�%HDXIRUW�6HD
FRDVW�� �0L[HG�VWRFN�DQDO\VHV��06$��RI�DOOR]\PH�GDWD�ZHUH�XVHG� WR�FRPSDUH�FROOHFWLRQV�IURP�IRXU�VLWHV��(QGLFRWW�QHDU
3UXGKRH� %D\��0LNNHOVHQ� %D\�� .DNWRYLN�� 3KLOOLSV� %D\�&DQDGD��� DQG� WR� DVVHVV� YDULDWLRQ� LQ� VWRFN� FRQWULEXWLRQV� DPRQJ
VXPPHU�PRQWKV�DQG�EHWZHHQ������DQG��������06$�HVWLPDWHV�IRU�LQGLYLGXDO�VWRFNV�ZHUH�VXPPHG�LQWR�HVWLPDWHV�IRU�WKUHH
VWRFN�JURXSV��ZHVWHUQ�VWRFNV�IURP�WKH�DUHD�QHDU�6DJDYDUQLUNWRN�5LYHU�DQG�3UXGKRH�%D\��6$*���$UFWLF�1DWLRQDO�:LOGOLIH
5HIXJH�VWRFNV��$UFWLF�5HIXJH���DQG�&DQDGD�VWRFNV���06$�HVWLPDWHV�RI�(QGLFRWW�VDPSOHV�WDNHQ�LQ������DQG������GLG�QRW
GLIIHU�JUHDWO\�DPRQJ�PRQWKV� LQ� WHUPV�RI�FRQWULEXWLRQV� IURP� ORFDO�6$*�VWRFNV� �UDQJH���� WR������� �&RQWULEXWLRQV� IURP
QRQ�ORFDO� �!����NP�GLVWDQW��&DQDGD�DQG�$UFWLF�5HIXJH� VWRFNV�ZHUH�QRW�GLIIHUHQW� IURP�]HUR� LQ������EXW� FRQWULEXWLRQV
IURP�&DQDGD�VWRFNV�ZHUH�VLJQLILFDQW�LQ�-XO\�������DQG�$XJXVW�������RI��������7KXV��VWRFN�FRQWULEXWLRQV�ZHUH�GLIIHUHQW
EHWZHHQ�\HDUV�LQ�WKH�VDPSOHV�IURP�(QGLFRWW�� �0L[WXUH�VDPSOHV�IURP�WKH�.DNWRYLN�DUHD�LQ������ZHUH�GLIIHUHQW�EHWZHHQ
PRQWKV�LQ�WHUPV�RI�FRQWULEXWLRQV�IURP�QRQ�ORFDO�6$*�VWRFNV��-XO\����DQG�$XJXVW��������6LJQLILFDQW�FRQWULEXWLRQV�ZHUH
PDGH�WR�WKHVH�VDPSOHV�ERWK�PRQWKV�IURP�&DQDGD�����DQG������DQG�ORFDO�$UFWLF�5HIXJH�VWRFNV�����DQG��������$PRQJ
WKH� IRXU� FRDVWDO� VLWHV�� ORFDO� VWRFNV� W\SLFDOO\� FRQWULEXWHG� PRVW� WR� FROOHFWLRQV�� KRZHYHU�� HYHU\� VLWH� KDG� FROOHFWLRQV� WKDW
FRQWDLQHG� VLJQLILFDQW� FRQWULEXWLRQV� IURP� QRQ�ORFDO� VWRFNV�� � 06$� HVWLPDWHV� FOHDUO\� UHYHDOHG� WKH� PRYHPHQW� RI� FKDU
EHWZHHQ�8�6��DQG�&DQDGD�FRDVWDO�ZDWHUV���,I�ORFDO�'ROO\�9DUGHQ�VWRFNV�DUH�DIIHFWHG�E\�RLO�DQG�JDV�GHYHORSPHQW�DFWLYLWLHV�
GLVWDQW�VXEVLVWHQFH�ILVKHULHV�DORQJ�WKH�%HDXIRUW�6HD�FRDVW�FRXOG�DOVR�EH�DIIHFWHG�

��3UHVHQW�DGGUHVV��1DWLRQDO�0DULQH�)LVKHULHV�6HUYLFH��$ODVND�)LVKHULHV�6FLHQFH�&HQWHU��$XNH�%D\�/DERUDWRU\��������*ODFLHU
+LJKZD\��-XQHDX��$ODVND������������

��'HFHDVHG�
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,QWURGXFWLRQ

'ROO\�9DUGHQ� 6DOYHOLQXV�PDOPD� XVH� WKH� FRDVWDO
ZDWHUV�RI�WKH�%HDXIRUW�6HD�GXULQJ�VXPPHU�PRQWKV�WR
DFFHVV� IRRG� UHVRXUFHV� HVVHQWLDO� IRU� JURZWK� DQG
UHSURGXFWLRQ�� �0RVW�'ROO\�9DUGHQ� JURZWK� RFFXUV� LQ
WKH�VKRUW�VXPPHU�VHDVRQ��ZKHQ�IRRG�VXFK�DV�P\VLGV
DQG�DPSKLSRGV�FRQFHQWUDWH� LQ� WKH�KLJKO\�SURGXFWLYH
PDULQH�ZDWHUV� �&UDLJ�������)HFKKHOP� HW� DO�� �������
7KHVH� ILVK� UHWXUQ� WR� 1RUWK� 6ORSH� VWUHDPV� LQ� ODWH
VXPPHU�WR�HVFDSH�OHWKDO�ZLQWHU�VHD�WHPSHUDWXUHV�DQG
WR�RYHUZLQWHU� LQ�GHHS�SRROV�RU� VSULQJV�� �6RPH� ODUJH
ILVK��!�����PP��a�DJH������DW� WKLV� WLPH�DOVR�PDWXUH
DQG� VSDZQ� �0F&DUW� ������8QGHUZRRG� HW� DO�� ������
(JJV� LQFXEDWH� IRU� ����PRQWKV� EHIRUH� \RXQJ� HPHUJH
LQ� WKH� VSULQJ�� � <RXQJ� 'ROO\� 9DUGHQ� VPROW� LQ� HDUO\
VXPPHU�� VRPHWLPHV� DV� \RXQJ� DV� DJH� ��� EXW� PRUH
FRPPRQO\�DV�DJH���RU���ILVK��$UPVWURQJ�DQG�0RUURZ
������ 0F&DUW� ������� � 7KH� RYHUZLQWHULQJ� KDELWDWV
XVHG�E\� FKDU� LQ� WKLV� UHJLRQ�DUH� VFDUFH� DQG� UHSUHVHQW
³FULWLFDO´�KDELWDW� IRU� WKH� VSHFLHV�� �)LVK� LQ� WKH�ZLQWHU
FDQ� QRW� PRYH� EHWZHHQ� SRROV� RU� RXW� RI� VSULQJV
EHFDXVH�FKDQQHOV�IUHH]H�WR�WKH�VWUHDP�ERWWRP���&KDU
PXVW� XVH� WKHVH� ORFDWLRQV� WR� VXUYLYH� DQG� DUH� KHOG
FDSWLYH�LQ�WKHP�XQWLO�VSULQJ�EUHDNXS��&UDLJ�����D���
$Q\� RLO� DQG� JDV� H[SORUDWLRQ� DQG� GHYHORSPHQW
DFWLYLWLHV� �H�J��� +DFKPHLVWHU� HW� DO�� ������ WKDW� KDUP
WKHVH�KDELWDWV�RU� LPSHGH�PLJUDWLRQ� WR��RU� WKH�XVH�RI�
FRDVWDO� ZDWHUV� ZRXOG� UHGXFH� 'ROO\� 9DUGHQ� JURZWK
DQG�DEXQGDQFH�DQG�EH�GHWULPHQWDO�WR�SRSXODWLRQV�

'ROO\� 9DUGHQ� WKDW� XVH� WKH� %HDXIRUW� 6HD� GXULQJ
VXPPHU� PRQWKV� KDYH� JHQHWLFDOO\� LGHQWLILDEOH
SRSXODWLRQV� WKDW� XVH� KRPLQJ� WR� QDWDO� VWUHDPV� WR
PDLQWDLQ� WKHLU� LGHQWLW\�� � $OOR]\PH� VWXGLHV� KDYH
VKRZQ� JHQHWLF� GLIIHUHQFHV� DPRQJ� FKDU� FROOHFWLRQV
IURP�1RUWK�6ORSH�VWUHDPV��5HLVW�������(YHUHWW�HW�DO�
������� � )RU� H[DPSOH��(YHUHWW� HW� DO�� ������� DQDO\]HG
YDULDWLRQ� DW� ��� SRO\PRUSKLF� ORFL� LQ� MXYHQLOH� FKDU
FROOHFWHG� IURP� ��� ULYHU� GUDLQDJHV�� � *HQHWLF
GLIIHUHQFHV�LQ�FKDU�RFFXUUHG�DPRQJ�GUDLQDJH�V\VWHPV�
DQG�LQ�VRPH�FDVHV�ZLWKLQ�GUDLQDJHV�� �6WRFN�LVRODWLQJ
PHFKDQLVPV�� VXFK� DV� KRPLQJ�� DUH� UHTXLUHG� WR
PDLQWDLQ� SRSXODWLRQ� VWUXFWXUH�� � &RQVLVWHQW� UHWXUQ� WR
ULYHUV� RI� SULRU� VSDZQLQJ� H[SHULHQFHV� KDV� EHHQ
UHSRUWHG� IRU� 'ROO\� 9DUGHQ� LQ� WULEXWDULHV� RI� WKH
&KXNFKL� 6HD� �'H&LFFR� ������� DQG� KRPLQJ� WR� QDWDO
ULYHUV� KDV� EHHQ� UHSRUWHG� IRU� 'ROO\� 9DUGHQ� LQ
VRXWKHDVWHUQ�$ODVND��$UPVWURQJ���������������%DVHG
RQ� WKH� JHQHWLF� SRSXODWLRQ� VWUXFWXUH� GHVFULEHG� IRU
1RUWK�6ORSH�'ROO\�9DUGHQ�DQG� WKH�KRPLQJ� UHSRUWHG
IRU� WKLV� VSHFLHV�� PDQ\� SRSXODWLRQV� XVH� WKH� FRDVWDO
ZDWHUV�GXULQJ� WKH� VXPPHU��DQG�VXSSRUW� WKH� ILVKHULHV
RI�WKH�UHJLRQ�

)LVK� DQG� ILVKLQJ� SURYLGH� LPSRUWDQW� VXEVLVWHQFH

DQG�FXOWXUDO�EHQHILWV� WR� WKH� SHRSOH� DFURVV� WKH�1RUWK
6ORSH�RI�$ODVND�� �6HYHUDO� ILVK� VSHFLHV�DUH�KDUYHVWHG
IURP�FRDVWDO�ZDWHUV�QHDU� WKH�YLOODJH�RI�.DNWRYLN�RQ
%DUWHU�,VODQG�LQ�WKH�$UFWLF�1DWLRQDO�:LOGOLIH�5HIXJH
�$UFWLF� 5HIXJH�� IURP� ODWH� -XQH� WR� 6HSWHPEHU�� DQG
IURP�WUDGLWLRQDO�ILVK�FDPSV�RQ�WKH�+XODKXOD�5LYHU�LQ
IDOO�DQG�ZLQWHU��H�J���-DFREVRQ�DQG�:HQWZRUWK������
&UDLJ�����E����0DQ\�FKDU�DUH�DOVR�KDUYHVWHG�DV�SDUW
RI� WKH� VXPPHU� ILVKHU\� LQ� WKH� &ROYLOOH� 5LYHU� QHDU
1XLTVXW� �H�J���3HGHUVHQ� DQG�6KLVKLGR� ������� �0XFK
RI� WKH�ILVKLQJ�GXULQJ� WKH�VXPPHU�PRQWKV� LV�GRQH� LQ
QHDU�VKRUH� FRDVWDO� ZDWHUV� ZLWK� JLOO� QHWV� DQG� E\
DQJOLQJ�� �<HDU�WR�\HDU�GLIIHUHQFHV�LQ� WKH�QXPEHUV�RI
ILVK� KDUYHVWHG� E\� 1RUWK� 6ORSH� UHVLGHQWV� SUREDEO\
UHIOHFW�YDULDWLRQ�LQ�ILVK�DEXQGDQFH�DQG�ILVKLQJ�HIIRUW
�&UDLJ�����E��

7KH� SURSRUWLRQDO� FRQWULEXWLRQV� RI� GLIIHUHQW
SRSXODWLRQV� RU� VWRFNV� RI� 'ROO\� 9DUGHQ� WR� WKH
%HDXIRUW� 6HD� FRDVWDO� ILVKHULHV� DUH� XQNQRZQ��
$OWKRXJK�� FKDU� DUH� W\SLFDOO\� IRXQG� LQ� WKH� QHDUVKRUH
EUDFNLVK� ZDWHUV� FORVH� WR� WKHLU� ULYHUV�RI�RULJLQ
�)XUQLVV� ������� QXPHURXV� H[DPSOHV� RI� H[WHQVLYH
FKDU�PRYHPHQW� KDYH� EHHQ� GRFXPHQWHG� �H�J���*ORYD
DQG� 0F&DUW� ������ )XUQLVV� ������ &UDLJ� �����
8QGHUZRRG� HW� DO�� ������� � 'ROO\� 9DUGHQ� WDJJHG� LQ
%HDXIRUW�6HD�WULEXWDULHV�KDYH�EHHQ�FDXJKW�XS�WR����
NLORPHWHUV�DZD\�LQ�FRDVWDO�1DWLYH�GRPHVWLF�ILVKHULHV
�VXPPDUL]HG�LQ�&UDLJ�DQG�+DOGRUVRQ�������

7KLV� SDSHU� GHVFULEHV� WKH� VWRFN� FRPSRVLWLRQ� RI
'ROO\� 9DUGHQ� FROOHFWLRQV� PDGH� IURP� IRXU� ZLGHO\
VHSDUDWHG� ORFDWLRQV� DORQJ� WKH� %HDXIRUW� 6HD� FRDVW� LQ
$ODVND� DQG� &DQDGD�� � 6WRFN� FRPSRVLWLRQ� DW� HDFK
ORFDWLRQ� ZDV� FRPSDUHG� DPRQJ� GLIIHUHQW� PRQWKV
ZLWKLQ� \HDUV�� EHWZHHQ� \HDUV�� DQG� DPRQJ� WKH� IRXU
VLWHV�� �0L[HG�VWRFN� DQDO\VHV� RI� DOOR]\PH� GDWD� IURP
FRDVWDO� FROOHFWLRQV� UHOLHG� RQ� EDVHOLQH� GDWD� RI� FKDU
VWRFNV�UHSRUWHG�E\�(YHUHWW�HW�DO����������

0HWKRGV

6DPSOH� FROOHFWLRQV�� ��� 'ROO\� 9DUGHQ� IURP� IRXU
VLWHV� DORQJ� ���� NP� RI� %HDXIRUW� 6HD� FRDVW� ZHUH
FROOHFWHG�ZLWK� I\NH� QHWV�� H[FHSW� JLOO� QHWV�ZHUH� XVHG
IRU�WKH�0LNNHOVHQ�%D\�FROOHFWLRQ��)LJXUH����� �$W�WKH
(QGLFRWW�&DXVHZD\��WKH�PRVW�ZHVWHUQ� ORFDWLRQ��QHDU
3UXGKRH� %D\�� WKUHH� FROOHFWLRQV� ZHUH� WDNHQ� DW
DSSUR[LPDWHO\� RQH�PRQWK� LQWHUYDOV� LQ� ����� DQG
������ � 1HDU� WKH� ,QXSLDW� YLOODJH� RI� .DNWRYLN� ZLWKLQ
WKH� $UFWLF� 5HIXJH�� FROOHFWLRQV� ZHUH� PDGH� LQ



FIGURE 1. Sampling sites for Dolly Varden Salvelinus malma collected from Beaufort Sea coastal locations
in 1987 and 1988. A = Endicott. B = Mikkelsen Bay. C = Kaktovik. D = Phillips Bay. Site numbers on
tributary streams refer to collection locations of Dolly Varden that were used to generate the baseline data
(Everett et al. 1997) and are listed in Table 1. Data from non-anadromous Dolly Varden were excluded from
the baseline data (Shublik Spring 9-10; Sadlerochit Spring 12).
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-XO\� DQG� $XJXVW� RI� ������ � 6LQJOH� FROOHFWLRQV� ZHUH
PDGH� DW� 0LNNHOVRQ� %D\� �EHWZHHQ� (QGLFRWW� DQG
.DNWRYLN�� LQ� $XJXVW� ����� DQG� DW� 3KLOOLSV� %D\
�&DQDGD�� LQ� 6HSWHPEHU� ������ � %DVHOLQH� GDWD� ZHUH
GHYHORSHG� IURP�FROOHFWLRQV�RI� MXYHQLOHV� �SUH�VPROWV�
PDGH� DW� ��� VLWHV� RQ� ���1RUWK� 6ORSH� WULEXWDULHV� WKDW
VSDQQHG� DSSUR[LPDWHO\� ���� NP� RI� %HDXIRUW� 6HD
FRDVWOLQH��)LJXUH����(YHUHWW�HW�DO����������7D[RQRPLF
GHVLJQDWLRQ� RI� FKDU� DV� 'ROO\� 9DUGHQ� IROORZHG� WKDW
UHFRPPHQGHG�E\�5HLVW�HW�DO���������

$OOR]\PH�DQDO\VLV�� ���(OHFWURSKRUHWLF�SURFHGXUHV
ZHUH� GHVFULEHG� LQ� (YHUHWW� HW� DO�� �������� � $OOR]\PH
QRPHQFODWXUH� XVHG� KHUH� IROORZV� WKDW� VXJJHVWHG� E\
6KDNOHH�HW�DO�����������7ZHOYH�SRO\PRUSKLF�ORFL�ZHUH
DYDLODEOH� IRU� WKH� PL[HG�VWRFN� FROOHFWLRQV� �V$+���
*$3'+���� *3,�%����� *3,�$��� P,'+3���
V,'+3������ /'+�&��� V0'+�$����� 3*0���
3*'+��V,''+������DQG�V62'�����

0L[HG�VWRFN� DQDO\VHV�� ±� 0L[HG�VWRFN� DQDO\VLV
�06$�� XVHG� WKH� PD[LPXP� OLNHOLKRRG� SURFHGXUHV
GHVFULEHG�E\�3HOOD�DQG�0LOQHU��������DV�LQFRUSRUDWHG
LQWR� WKH� FRPSXWHU� SURJUDPV� &2164857� DQG
6<064857� GHYHORSHG� E\� SHUVRQQHO� RI� 1DWLRQDO
0DULQH� )LVKHULHV� 6HUYLFH� �0DVXGD� HW� DO�� �������
,VRORFL� ZHUH� WUHDWHG� DV� RQH� ORFXV� ZLWK� IRXU� JHQH
GRVHV� LQ� WKH� EDVHOLQH� DQG� PL[WXUH� GDWD�� � 06$
FROOHFWLRQV� ZKHUH� GDWD� ZHUH� PLVVLQJ� IRU� D� ORFXV
�*$3'+��� GDWD� PLVVLQJ�� (QGLFRWW� -XO\� DQG
6HSWHPEHU� FROOHFWLRQV�� ZHUH� KDQGOHG� E\� WKH� 06$
SURJUDP�E\�VLPSO\�DQDO\]LQJ�WKHP�EDVHG�RQ�RQO\�WKH
ORFL� DYDLODEOH�� � %RRWVWUDS� UHVDPSOLQJ� ZDV� XVHG� WR
DFFRXQW� IRU� VDPSOLQJ� HUURU� LQ� ERWK� EDVHOLQH� DQG
PL[WXUH�VDPSOH�GDWD��(IURQ�DQG�7LEVKLUDQL�������

%DVHOLQH� GDWD� XVHG� IRU� 06$� ZHUH� FRQILJXUHG
EDVHG� RQ� WKH� SRSXODWLRQ� VWUXFWXUH� GHVFULEHG� E\
(YHUHWW� HW� DO�� �������� � $OOHOLF� IUHTXHQF\� GDWD� IRU
WZHOYH�EDVHOLQH�VWRFNV�ZHUH�GHYHORSHG�E\�FRPELQLQJ
GDWD�IURP�WKH����FROOHFWLRQV�DV�IROORZV��VLWH�QXPEHUV
LQ� SDUHQWKHVHV� FRUUHVSRQG� WR� )LJXUH� ���� $QDNWXYXN
5LYHU� ����� 6DJDYDQLUNWRN� GUDLQDJH� �� ,YLVKDN� DQG
(FKRRND� ULYHUV� ������� 6DJDYDQLUNWRN� GUDLQDJH� ±
5LEGRQ� DQG� /XSLQH� ULYHUV� ������� .DYLN� 5LYHU� ����
&DQQLQJ� 5LYHU� ���������� +XODKXOD� 5LYHU� ��������
+XODKXOD� ������ $LFKLOLN� 5LYHU� ��������� (JDNVUDN
5LYHU�������.RQJDNXW�5LYHU����������)LUWK�5LYHU����
DQG������DQG�%DEEDJH�5LYHU�����DQG�������'DWD�IURP
QRQ�DQDGURPRXV� 'ROO\� 9DUGHQ� ZHUH� H[FOXGHG� IURP
WKH� EDVHOLQH� GDWD� �6KXEOLN� 6SULQJ� ������ 6DGOHURFKLW
6SULQJ�����)LUWK�5LYHU�����%DEEDJH�5LYHU�������'DWD
IURP� VLWHV� ZLWKLQ� V\VWHPV� ZHUH� FRPELQHG� EDVHG� RQ
JHRJUDSKLF�SUR[LPLW\�DQG�QRQ�VLJQLILFDQW�GLIIHUHQFHV
LQ� DOOHOLF� IUHTXHQFLHV� WHVWHG� E\� ORJ� OLNHOLKRRG� UDWLR
DQDO\VHV��*�WHVW��6RNDO�DQG�5RKOI�������

,QGLYLGXDO�VWRFN�HVWLPDWHV�IURP�06$�RI�PL[WXUH

VDPSOHV�ZHUH� FRPELQHG� E\� VXPPLQJ� HVWLPDWHV� LQWR
WKUHH� JHRJUDSKLFDOO\� EURDG� VWRFN� JURXSV�� � 6WRFN
JURXSV� ZHUH� DVVHPEOHG� EDVHG� RQ� D� FRPELQDWLRQ� RI
JHRJUDSK\�DQG�JHQHWLFV�� �7KH�ZHVWHUQ�VWRFNV��6$*�
LQFOXGHG� FKDU� IURP� WKH� $QDNWXYXN� �&ROYLOOH� 5LYHU
GUDLQDJH��� 6DJDYDUQLUNWRN� �WULEXWDULHV��� .DYLN�� DQG
&DQQLQJ�ULYHUV�

'ROO\� 9DUGHQ� IURP� WKH� &DQQLQJ� 5LYHU�� RQ� WKH
ERUGHU� RI� WKH� $UFWLF� 5HIXJH�� ZHUH� DVVLJQHG� WR� WKH
6$*� JURXS� GXH� WR� LWV� JHQHWLF� DIILQLW\� ZLWK� WKH
,YLVKDN� 5LYHU� �6DJDYDUQLUNWRN� 5LYHU� GUDLQDJH�
FROOHFWLRQ� �(YHUHWW� HW� DO�� ������� � 7KH�$UFWLF�5HIXJH
VWRFN�JURXS� LQFOXGHG� FKDU� IURP� WKH� +XODKXOD�
$LFKLOLN�� (JDNVUDN�� DQG� .RQJDNXW� ULYHUV�� � 7KH
&DQDGD� VWRFNV� LQFOXGHG� FKDU� IURP� WKH� )LUWK� DQG
%DEEDJH�ULYHUV���06$�HVWLPDWHV�IRU�LQGLYLGXDO�VWRFNV
ZLWKLQ� WKH� VDPH� VWRFN� JURXS� ZHUH� DGGHG� WRJHWKHU�
DQG� WKH� YDULDQFHV� UHFDOFXODWHG�� � 6WRFN� FRPSRVLWLRQ
HVWLPDWHV�ZHUH�FRQVLGHUHG�WR�EH�GLIIHUHQW�IURP�]HUR�LI
DQ� 06$� HVWLPDWH� ZDV� QRW� ZLWKLQ� WZR� VWDQGDUG
GHYLDWLRQV�RI�]HUR���(VWLPDWHV�E\�LQGLYLGXDO�VWRFN�IRU
HDFK�PL[WXUH�VDPSOH�DUH�VKRZQ�LQ�$SSHQGL[���

6LPXODWLRQ� DQDO\VLV�� ��� 7KH� DFFXUDF\� DQG
SUHFLVLRQ�RI�VWRFN�JURXS�HVWLPDWHV�ZHUH�HYDOXDWHG�E\
06$�RI�VLPXODWHG�PL[WXUH�VDPSOHV�FRQVWUXFWHG�IURP
WKH�EDVHOLQH�GDWD���(DFK�VLPXODWLRQ�VDPSOH�FRQVLVWHG
RI� ���� LQGLYLGXDOV� DQG� ZDV� FUHDWHG� IURP� D� VLQJOH
VWRFN���7KXV��WZHOYH�VLPXODWLRQ�VDPSOHV�UHSUHVHQWLQJ
HDFK� EDVHOLQH� VWRFN� ZHUH� FRQVWUXFWHG�� (DFK
VLPXODWLRQ� VDPSOH� ZDV� DQDO\]HG� IRU� LWV� VWRFN
FRPSRVLWLRQ� EDVHG� RQ� WKH� ��� VWRFNV� LQ� WKH� EDVHOLQH
GDWD� VHW�� � 3HUIHFW� 06$� HVWLPDWHV� RI� D� VLPXODWLRQ
VDPSOH�ZRXOG� HTXDO� ����� RI� WKH� VWRFN�JURXS� IURP
ZKLFK�LW�ZDV�FRQVWUXFWHG�

7R� WHVW� WKH� DELOLW\� RI�06$� WR� FRUUHFWO\� HVWLPDWH
WKH� SURSRUWLRQ� RI� &DQDGLDQ� VWRFNV� LQ� PL[WXUH
VDPSOHV�� D� VHULHV� RI� K\SRWKHWLFDO� VDPSOHV� ZHUH
JHQHUDWHG� IURP� WKH� EDVHOLQH� GDWD� ZLWK� YDULDEOH
SURSRUWLRQV� RI� &DQDGLDQ�RULJLQ� ILVK�� � 6DPSOHV�ZHUH
FUHDWHG� FRPSRVHG� RI� ��� WR� ����� &DQDGLDQ�RULJLQ
ILVK� LQ����� LQFUHPHQWV�� �(TXDO� SURSRUWLRQV� RI� QRQ�
&DQDGLDQ� VWRFNV� LQ� WKH� EDVHOLQH� GDWD� PDGH� XS� WKH
EDODQFH� RI� WKHVH� VDPSOHV�� � 7KH� WUXH� SURSRUWLRQV� RI
&DQDGLDQ�RULJLQ� VWRFNV� ZHUH� WKHQ� SORWWHG� DJDLQVW
06$�HVWLPDWHG�SURSRUWLRQV�
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7$%/(����±�06$�HVWLPDWHV�RI����VLPXODWHG�'ROO\�9DUGHQ�6DOYHOLQXV�PDOPD�VDPSOHV�FRQVWUXFWHG
IURP������RI� HDFK� RI� WKH� ��� EDVHOLQH� VWRFNV�� � (DFK� URZ� UHSUHVHQWV� RQH� VLPXODWLRQ�� �$� SHUIHFW
06$� HVWLPDWH� ZRXOG� HTXDO� ����� IRU� WKH� VWRFN� JURXS� WKDW� RULJLQDWHG� WKH� VLPXODWLRQ� VDPSOH��
1XPEHUV� LQ� SDUHQWKHVHV� XQGHU� VWRFN� JURXS� UHIHUV� WR� VLWH� QXPEHUV� XVHG� LQ� )LJXUH� �� WR� LGHQWLI\
ORFDWLRQV� ZKHUH� EDVHOLQH� VDPSOHV� ZHUH� FROOHFWHG�� � 3HUFHQWDJH� 06$� HVWLPDWHV� DUH� IROORZHG� E\
VWDQGDUG�GHYLDWLRQV�LQ�SDUHQWKHVHV�

3HUFHQW�E\�VWRFN�JURXS

6WRFN�JURXS
��6LPXODWLRQ�VDPSOHV 6$* $UFWLF�5HIXJH &DQDGD

6$*�6WRFNV
��$QDNWXYXN���� ������������ ����������� �����������
��5LEGRQ�����/XSLQH���� ������������ ����������� �����������
��,YLVKDN�����(FKRRND���� ������������ ����������� �����������
��.DYLN���� ������������ ����������� �����������
��&DQQLQJ��������� ������������ ����������� �����������

$UFWLF�5HIXJH�6WRFNV
��+XODKXOD����������� ����������� ������������ �����������
��+XODKXOD�������� ������������ ������������ �����������
��$LFKLOLN�������� ����������� ������������ �����������
��(JDJVUDN����� ����������� ������������ �����������
��.RQJDNXW�������� ������������ ����������� �����������

&DQDGD�6WRFNV
��)LUWK��������� ����������� ����������� ������������
��%DEEDJH��������� ����������� ����������� ������������

5HVXOWV

$QDO\VLV�RI�6LPXODWLRQ�6DPSOHV
0RUH�WKDQ�����RI�WKH�ILVK�LQ����RI����VLPXODWLRQ

VDPSOHV��SHUIHFW�HVWLPDWH� �������ZHUH�DWWULEXWHG�WR
WKH� FRUUHFW� VWRFN� JURXS� �6$*�� $UFWLF� 5HIXJH�� RU
&DQDGD�� 7DEOH� ���� � 06$� HVWLPDWHV� RI� VLPXODWLRQ
VDPSOHV�ZHUH�FORVHU��!�����DWWULEXWHG�WR�6$*�VWRFN
JURXS�� WR� WKH� FRUUHFW� HVWLPDWH� RI� ����� WKDQ� $UFWLF
5HIXJH� VLPXODWHG� VDPSOHV� �!� ����� RU� &DQDGD
VDPSOHV��!�������([FHSW�IRU�WKH�VLPXODWHG�VDPSOH�RI
.RQJDNXW�5LYHU�ILVK��PRUH�WKDQ�����RI�WKH�VDPSOHV
FUHDWHG�IURP�$UFWLF�5HIXJH�VWRFNV�ZHUH�DWWULEXWHG�WR
WKH� $UFWLF� 5HIXJH� VWRFN�� � 7KH� .RQJDNXW� 5LYHU
VDPSOH�ZDV�LQFRUUHFWO\�HVWLPDWHG� WR�EH�FRPSRVHG�RI
����6$*�DQG����&DQDGD�VWRFNV��

06$� RI� WKH� ���� LQFUHPHQW� VHULHV� RI� VDPSOHV
FUHDWHG�IURP�&DQDGD�VWRFNV�FRUUHFWO\�LGHQWLILHG�HDFK
VDPSOH� DV� &DQDGLDQ� VWRFNV� ZLWKLQ� ��� �)LJXUH� ����
(VWLPDWHV� ZHUH� ZLWKLQ� ��� IRU� VDPSOHV� ZLWK� ��� WR
���� &DQDGLDQ�RULJLQ� VWRFNV�� � 2YHUHVWLPDWHV� RI� WKH
SHUFHQWDJH� FRPSRVLWLRQ� RI� WKH� &DQDGD� VWRFN� JURXS
RFFXUUHG�ZKHQ�VLPXODWLRQ�VDPSOHV�ZHUH�PDGH�XS�RI

ORZ� SHUFHQWDJHV� RI� &DQDGLDQ� RULJLQ� ILVK� ��� �����
8QGHUHVWLPDWHV� RFFXUUHG� ZKHQ� VDPSOHV� ZHUH
FRPSRVHG� RI� KLJK� SHUFHQWDJHV� RI� &DQDGLDQ� ILVK� �!
�����

$OOHOLF� 9DULDWLRQ� LQ� 0L[WXUH� &ROOHFWLRQV� IURP
%HDXIRUW�6HD�6LWHV
$OOHOLF�YDULDWLRQ�ZDV�REVHUYHG�DW�HDFK�RI�WKH����

DOOR]\PH� ORFL� LQ� � IRXU� RU�PRUH� FROOHFWLRQV� RI�'ROO\
9DUGHQ� FROOHFWHG� IURP� FRDVWDO� VLWHV� �7DEOH� ���� � 1R
HYLGHQFH�IRU�QHZ�DOOHOHV��QRW�SUHYLRXVO\� UHSRUWHG�E\
(YHUHWW�HW�DO����������ZDV�REVHUYHG���$OOHOLF�YDULDWLRQ
DW� 73,���ZDV� REVHUYHG� LQ� PL[HG�VWRFN� FROOHFWLRQV�
EXW� ZDV� QRW� VXUYH\HG� LQ� EDVHOLQH� FROOHFWLRQV� DQG
WKHUHIRUH�QRW�LQFOXGHG�LQ�WKH�06$��

0RQWK�DQG�<HDU�&RPSDULVRQV
06$�HVWLPDWHV�RI�(QGLFRWW�VDPSOHV�WDNHQ�LQ�����

DQG� ����� GLG� QRW� GLIIHU� JUHDWO\� DPRQJ� PRQWKV� LQ
WHUPV�RI�FRQWULEXWLRQV�IURP�ORFDO�6$*�VWRFNV��UDQJH
��� WR������7DEOH����)LJXUH����� �&RQWULEXWLRQV� IURP
QRQ�ORFDO� �!���� NP� GLVWDQW�� &DQDGD� DQG
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(QGLFRWW�����

���-XQH ��� ����� ����� ��� ����� ����� ��� ����� �����

���-XO\ � �� �� ��� ����� ����� ��� ����� �����

���6HSWHPEHU � �� �� ��� ����� ����� ��� ����� �����

(QGLFRWW�����

���-XO\ ��� ����� ����� ��� ����� ����� ��� ����� �����

���$XJXVW ��� ����� ����� ��� ����� ����� ��� ����� �����

���6HSWHPEHU ��� ����� ����� ��� ����� ����� ��� ����� �����
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.DNWRYLN�����
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6LWH 1 ��� �� 1 ��� ��� 1 ��� ��

(QGLFRWW�����

���-XQH ��� ����� ����� ��� ����� ����� ��� ����� �����

���-XO\ ��� ����� ����� ��� ����� ����� ��� ����� �����

���6HSWHPEHU ��� ����� ����� ��� ����� ����� ��� ����� �����

(QGLFRWW�����

���-XO\ ��� ����� ����� ��� ����� ����� ��� ����� �����

���$XJXVW ��� ����� ����� ��� ����� ����� ��� ����� �����

���6HSWHPEHU ��� ����� ����� ��� ����� ����� ��� ����� �����

0LNNHOVHQ�%D\����� �� ����� ����� �� ����� ����� �� ����� �����

.DNWRYLN�����

���-XO\ ��� ����� ����� ��� ����� ����� ��� ����� �����

���$XJXVW ��� ����� ����� ��� ����� ����� ��� ����� �����

3KLOOLSV�%D\����� ��� ����� ����� ��� ����� ����� ��� ����� �����
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3*'+ V,''+���� �����V62'��

6LWH 1 ��� �� 1 ��� �� 1 ��� ��� ��

(QGLFRWW�����

���-XQH ��� ����� ����� ��� ����� ����� ��� ����� ����� �����

���-XO\ ��� ����� ����� ��� ����� ����� ��� ����� ����� �����

���6HSWHPEHU ��� ����� ����� ��� ����� ����� ��� ����� ����� �����

(QGLFRWW�����

���-XO\ ��� ����� ����� ��� ����� ����� ��� ����� ����� �����

���$XJXVW ��� ����� ����� ��� ����� ����� ��� ����� ����� �����

���6HSWHPEHU ��� ����� ����� ��� ����� ����� ��� ����� ����� �����

0LNNHOVHQ�%D\����� �� ����� ����� �� ����� ����� �� ����� ����� �����

.DNWRYLN�����

���-XO\ ��� ����� ����� ��� ����� ����� ��� ����� ����� �����

���$XJXVW ��� ����� ����� ��� ����� ����� ��� ����� ����� �����

3KLOOLSV�%D\����� ��� ����� ����� ��� ����� ����� ��� ����� ����� �����
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$UFWLF�5HIXJH�VWRFNV�ZHUH�QRW�GLIIHUHQW�IURP�]HUR�LQ
�����EXW� FRQWULEXWLRQV� IURP�&DQDGD� VWRFNV�ZHUH� VR
LQ�-XO\�������DQG�$XJXVW�������RI������

0L[WXUH�VDPSOHV�IURP�WKH�.DNWRYLN�DUHD� LQ�����
ZHUH� GLIIHUHQW� EHWZHHQ� PRQWKV� LQ� WHUPV� RI
FRQWULEXWLRQV� IURP� QRQ�ORFDO� 6$*� VWRFNV� �-XO\� ��
DQG� $XJXVW� ��� ��� 7DEOH� ���� � 6LJQLILFDQW
FRQWULEXWLRQV� ZHUH� PDGH� WR� WKHVH� VDPSOHV� ERWK
PRQWKV�IURP�&DQDGD�����DQG������DQG� ORFDO�$UFWLF
5HIXJH�VWRFNV�����DQG�������

6WRFN�JURXS� HVWLPDWHV� IURP� WKH� (QGLFRWW� DUHD
ZHUH�GLIIHUHQW�EHWZHHQ�FROOHFWLRQV�PDGH�LQ������DQG
������7DEOH����� �,Q�������WKH�HVWLPDWHG�FRQWULEXWLRQ
IURP� ORFDO� 6$*� VWRFNV� WR� WKH� FROOHFWLRQV� ZHUH
VOLJKWO\� KLJKHU� �PHDQ� ����� UDQJH� �������� WKDQ� LQ
����� �PHDQ� ����� UDQJH� ��������� � &RQWULEXWLRQV
IURP�WKH�$UFWLF�5HIXJH�UHPDLQHG�VLPLODU�LQ������DQG
������&DQDGD� VWRFNV� FRQWULEXWHG�PXFK� OHVV� LQ� ����
�PHDQ����� UDQJH�������� WKDQ� LQ������ �PHDQ�����
UDQJH����������

&RPSDULVRQ�$PRQJ�6DPSOH�/RFDWLRQV
7KH�ODUJHVW�HVWLPDWHG�VWRFN�JURXS�FRQWULEXWLRQ�WR

WKH� FRDVWDO� FROOHFWLRQV� W\SLFDOO\� FDPH� IURP� ORFDO
VWRFNV�QHDU�WKH�VDPSOH�VLWH��7DEOH������+RZHYHU��PRVW
FROOHFWLRQV� ZHUH� DOVR� HVWLPDWHG� WR� KDYH� VLJQLILFDQW
FRQWULEXWLRQV� IURP� QRQ�ORFDO� VWRFNV�� � 2QH� QRWDEOH
H[FHSWLRQ� ZDV� WKH� ����� (QGLFRWW� FROOHFWLRQV�� ZLWK
HVWLPDWHG� FRQWULEXWLRQV� RI� QRQ�ORFDO� $UFWLF� 5HIXJH
DQG� &DQDGD� VWRFNV� QRW� GLIIHUHQW� IURP� ]HUR�� � $OVR�
QRQ�ORFDO�VWRFNV�FRQWULEXWHG�����WR� WKH�3KLOLSV�%D\
FROOHFWLRQ�LQ�&DQDGD���06$�HVWLPDWHG�WKLV�FROOHFWLRQ
WR�FRQWDLQ�QHDUO\�HTXDO�SHUFHQWDJHV�RI�&DQDGD�������
$UFWLF�5HIXJH��������DQG�6$*�VWRFNV��������

6LJQLILFDQW� FRQWULEXWLRQV� IURP� &DQDGD� VWRFNV
ZHUH�HVWLPDWHG�DW�DOO�FROOHFWLRQ�ORFDWLRQV�LQ�WKH�8�6�
�7DEOH� ���� :KHQ� 06$� HVWLPDWHV� ZHUH� SRROHG� E\
\HDU�� &DQDGLDQ�RULJLQ� FKDU� FRQWULEXWHG� ��� �6'�  
������WR�WKH������FROOHFWLRQ��8�6��RULJLQ�ILVK� �����
6'�  � ������ DQG� ���� �6'�  � ������ WR� WKH� ����
FROOHFWLRQ��8�6��RULJLQ�ILVK� ������6'� ������

'LVFXVVLRQ

2QH�RU�PRUH�PL[WXUH�FROOHFWLRQV�IURP�HDFK�RI�WKH
IRXU�%HDXIRUW�6HD� FRDVWDO� VLWHV� FRQWDLQHG� VLJQLILFDQW
FRQWULEXWLRQV� IURP� GLVWDQW� ��������� NP��� QRQ�ORFDO
VWRFNV�� � 6XEVWDQWLDO� YDULDWLRQ� LQ� VWRFN� FRQWULEXWLRQV
ZDV�REVHUYHG�DPRQJ�PRQWKV��DQG�EHWZHHQ������DQG
����� LQ� (QGLFRWW� FROOHFWLRQV�� QHDU� 3UXGKRH� %D\��
7KHVH�UHVXOWV�VXJJHVW�VXEVWDQWLDO�PRYHPHQW�DORQJ�WKH
%HDXIRUW� 6HD� FRDVWOLQH� RI� 'ROO\� 9DUGHQ� DZD\� IURP
ULYHUV� RI� QDWDO� RULJLQV�� � 8QGHUZRRG� HW� DO�� ������

UHSRUWHG�WKH�ORQJ�GLVWDQFH�PRYHPHQW�RI�FKDU�PDUNHG
LQ� $UFWLF� 5HIXJH� FRDVWDO� ZDWHUV� WR� ORFDWLRQV� WR� WKH
HDVW�LQ�&DQDGD�DQG�ZHVW�WR�6LPSVRQ�/DJRRQ�����NP
ZHVW�RI�3UXGKRH�%D\��� �6LPLODUO\�� ILVK� WDJJHG� LQ� WKH
)LUWK� 5LYHU� �&DQDGD�� ZHUH� UHFDSWXUHG� ZHVW� RI� WKH
$UFWLF� 5HIXJH� LQ� WKH� &DQQLQJ� 5LYHU� �&UDLJ� DQG
0F&DUW� ������ DQG� LQ� WKH� $UFWLF� 5HIXJH� FRDVWDO
ZDWHUV��&UDLJ�DQG�0F&DUW�������

([WHQVLYH� PRYHPHQWV� RI� 'ROO\� 9DUGHQ� KDYH
EHHQ� UHSRUWHG� IRU� SRSXODWLRQV� VRXWKZHVW� RI� RXU
%HDXIRUW�6HD�VWXG\�UHJLRQ���'H&LFFR��������UHSRUWHG
WDJ� UHFRYHULHV� IURP�PRUH� WKDQ�������FKDU� WDJJHG� LQ
WULEXWDULHV� WR�.RW]HEXH�6RXQG�RI� WKH�&KXNFKL� 6HD��
2QH� ILVK� WDJJHG� LQ� WKH� 1RDWDN� 5LYHU� V\VWHP� ZDV
UHFDSWXUHG� ���� NP� DZD\� DW� 3RLQW� +RSH� RQH� \HDU
ODWHU���'ROO\�9DUGHQ�WDJJHG�LQ�WKH�:XOLN�5LYHU�ZHUH
ODWHU� UHFDSWXUHG� LQ� WKH� .REXN� 5LYHU� ����� NP��
1RUWRQ� 6RXQG� ����� NP��� DQG� QHDU� 6W�� /DZUHQFH
,VODQG������NP��� �7KUHH�'ROO\�9DUGHQ�WDJJHG�LQ� WKH
:XOLN� 5LYHU� ZHUH� UHFDSWXUHG� LQ� WKH� $QDG\U� �WZR
ILVK��DQG�0DUJMH�ULYHUV��RQH�ILVK���5XVVLD�� �7KH� WZR
FKDU� UHFDSWXUHG� LQ� WKH� $QDG\U� 5LYHU� KDG� WUDYHOHG
PRUH� WKDQ� ���� NP� XSVWUHDP�� DQG� ZHUH� PRUH� WKDQ
������NP�IURP�WKH�:XOLN�5LYHU� LQ�$ODVND��'L&LFFR
������������

7UDQVERXQGDU\� PRYHPHQW� RI� FKDU� EHWZHHQ
&DQDGD� DQG� WKH� 8�6�� ZDV� FOHDUO\� LQGLFDWHG� E\� WKH
06$� HVWLPDWHV� RI� FROOHFWLRQV� IURP� DOO� IRXU� VLWHV
�7DEOH����� �$�ODUJH�SHUFHQWDJH�������RI�8�6��VWRFNV
ZDV� HVWLPDWHG� LQ� WKH� 3KLOOLSV� %D\� �&DQDGD�
FROOHFWLRQ�� � &DQDGD� VWRFNV� FRQWULEXWHG� ���� WR� DQ
(QGLFRWW��8�6���FROOHFWLRQ�DQG������WR�WKH�0LNNHOVHQ
%D\� DQG� .DNWRYLN�-XO\� VDPSOHV�� � 7KH� UHVXOWV� IURP
WKH� VLPXODWLRQ� DQDO\VLV� LQGLFDWHG� KLJK� OHYHOV� RI
DFFXUDF\�IRU�HVWLPDWLQJ�SURSRUWLRQV�RI�&DQDGD�VWRFNV
��� ��� HUURU���ZKLFK� SURYLGHG� IXUWKHU� FRQILGHQFH� LQ
RXU� 06$� HVWLPDWHV� RI� ILHOG� FROOHFWLRQV�� � 7KH
SUHVHQFH� RI� &DQDGLDQ�RULJLQ� 'ROO\� 9DUGHQ� LQ� 8�6�
ZDWHUV� KDV� EHHQ� UHSRUWHG� EDVHG� RQ� WDJ� UHWXUQV
�GHVFULEHG�DERYH��� �2XU�06$�UHVXOWV�QRZ�SURYLGH�D
SHUFHQWDJH� HVWLPDWH� IRU� WKLV� SUHVHQFH� RI� FKDU� IURP
&DQDGD�� � :H� FRQFOXGH� WKDW� &DQDGD� VWRFNV� DUH� DQ
LPSRUWDQW� RULJLQ� RI� FKDU� WKDW� XVH� WKH� %HDXIRUW� 6HD
FRDVWDO� ZDWHUV� RI� WKH� 8�6�� GXULQJ� WKH� VXPPHU��
6LPLODUO\�� 8�6�� VWRFNV� IURP� $UFWLF� 5HIXJH
SRSXODWLRQV�FDQ�FRPSULVH�D�ODUJH�SURSRUWLRQ�RI�'ROO\
9DUGHQ� WKDW� XVH� FRDVWDO� ZDWHUV� LQ� &DQDGD�
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7$%/(�����(VWLPDWHG�VWRFN�FRPSRVLWLRQ�IURP�06$�RI�FROOHFWLRQ�RI�'ROO\�9DUGHQ�6DOYHOLQXV�PDOPD�IURP
FRDVWDO�DUHDV�RI�QRUWKHUQ�$ODVND�DQG�&DQDGD���,QGLYLGXDO�HVWLPDWHV�ZHUH�VXPPHG�LQWR�VWRFN�JURXSV��6$*� 
VWRFNV�IURP�$QDNWXYXN��6DJDYDQLUNWRN��.DYLN��DQG�&DQQLQJ�ULYHUV��$UFWLF�5HIXJH� �$UFWLF�1DWLRQDO�:LOGOLIH
5HIXJH�ULYHUV��&DQDGD� �VWRFNV�IURP�WKH�)LUWK�DQG�%DEEDJH�ULYHUV����,QGLFDWHV�06$�HVWLPDWHV�PRUH�WKDQ�WZR
VWDQGDUG�GHYLDWLRQV�IURP�]HUR�

3HUFHQW�E\�VWRFN�JURXS

6$* $UFWLF�5HIXJH &DQDGD

&RDVWDO�6LWH (VWLPDWH 6�'� (VWLPDWH 6�'� (VWLPDWH 6�'�

(QGLFRWW�����
�����-XQH �� ���� � ��� � ���
�����-XO\ �� ���� � ��� �� ���
�����6HSWHPEHU �� ���� �� ��� � ���
(QGLFRWW������
�����-XO\ �� ��� �� ��� �� ���
�����$XJXVW �� ��� � ��� �� ���
�����6HSWHPEHU �� ���� � ��� �� ���
0LNNHOVHQ�%D\������ �� ���� �� ���� �� ���
.DNWRYLN������
�����-XO\ � ���� �� ���� �� ���
�����$XJXVW �� ���� �� ���� �� ���
3KLOOLSV�%D\������ �� ���� �� ���� �� ���

0DQDJHPHQW�,PSOLFDWLRQV

'ROO\� 9DUGHQ� WKDW� XVH� WKH� FRDVWDO� DUHDV� RI� WKH
%HDXIRUW�6HD� LQ�$ODVND� DQG�&DQDGD� SURYLGH� VHYHUDO
FODVVLF�ILVK�PDQDJHPHQW�FKDOOHQJHV�

•� PXOWLSOH�JHQHWLF�VWRFNV�
•� GHSHQGHQF\� RQ� JHRJUDSKLFDOO\� GLVFUHWH

VSHFLDOL]HG�KDELWDWV�
•� PL[WXUHV�RI�VWRFNV�YXOQHUDEOH�WR�ILVKHULHV�
•� PRYHPHQW�DFURVV�LQWHUQDWLRQDO�ERXQGDULHV�
•� PXOWL�MXULVGLFWLRQDO� PDQDJHPHQW� DXWKRULW\

�DERULJLQDO�FODLPV��VWDWH��IHGHUDO���DQG
•� SURSRVHG� UHJLRQDO� HFRQRPLF� GHYHORSPHQW

DFWLYLWLHV��
7KHVH� FKDUDFWHULVWLFV� SRVH� D� GLVWLQFW� FKDOOHQJH� WR
HIIHFWLYH� ILVKHULHV�PDQDJHPHQW�� DV� LOOXVWUDWHG� E\� WKH
SDVW� IDLOXUH� RI� 3DFLILF� VDOPRQ�PDQDJHPHQW� DW� VRPH
ORFDWLRQV��H�J���1DWLRQDO�5HVHDUFK�&RXQFLO���������7R
PHHW� WKLV� FKDOOHQJH�� PDQDJHPHQW� RI� 'ROO\� 9DUGHQ
VKRXOG�QRW�EH�EDVHG�VROHO\�RQ�VLQJOH�ULYHU�V\VWHPV�EXW
VKRXOG�LQFOXGH�PXOWLSOH�ULYHU�V\VWHPV�ZLWKLQ�DQ�DUHD

DW� OHDVW� DV� ODUJH� DV� WKLV� VWXG\� XVHG� �a���� NP
FRDVWOLQH��

3RSXODWLRQV� DIIHFWHG� E\� ORFDO�� VLWH�VSHFLILF
GHYHORSPHQW� DFWLYLWLHV� LQ� RQH� UHJLRQ� FRXOG� KDYH� D
ZLGHVSUHDG�HIIHFW�RQ�DEXQGDQFH�RI�'ROO\�9DUGHQ� LQ
FRDVWDO� DUHDV� GXULQJ� WKH� VXPPHU�� � )RU� H[DPSOH�� RLO
DQG� QDWXUDO� JDV� H[SORUDWLRQ� DQG� GHYHORSPHQW
DFWLYLWLHV� LQ� ORFDOL]HG�DUHDV�FRXOG� UHGXFH� WKH�TXDOLW\
DQG�TXDQWLW\�RI�FULWLFDO�RYHU�ZLQWHULQJ�DQG�VSDZQLQJ
KDELWDWV� IRU�'ROO\�9DUGHQ�� �5HGXFHG� RYHU�ZLQWHULQJ
VWUHDP� KDELWDWV� ZRXOG� DIIHFW� 'ROO\� 9DUGHQ� IURP
QXPHURXV� VWRFNV� EHFDXVH� QRQ�VSDZQLQJ� ILVK� RIWHQ
XVH� QRQ�QDWDO� VWUHDPV� DV� RYHUZLQWHULQJ� ORFDWLRQV
�H�J��� &UDLJ� ������ ����D��� � 7KRXJK� VXFK� KDELWDW
GHJUDGDWLRQ� ZRXOG� EH� VLWH� VSHFLILF�� HQYLURQPHQWDO
DQG� ILVKHU\� LPSDFWV� WR� SRSXODWLRQV� FRXOG� EH
ZLGHVSUHDG�� � (YHQ� PRUH� VHULRXV�� GDPDJH� WR
VSDZQLQJ� KDELWDWV� LQ� VWUHDPV� FRXOG� FDXVH� WKH
UHGXFWLRQ� RU� H[WLQFWLRQ� RI� ORFDO� SRSXODWLRQV��
([WLQFWLRQ� ZRXOG� UHVXOW� LQ� D� SHUPDQHQW� ORVV� RI



$ODVND�)LVKHULHV�7HFKQLFDO�5HSRUW�1XPEHU�����0DUFK������� ��

JHQHWLF�GLYHUVLW\� IRU� WKLV� VSHFLHV�� � ,Q� DGGLWLRQ�� WKHVH
SRSXODWLRQV¶� FRQWULEXWLRQ� WR� FRDVWDO� ZDWHUV� GXULQJ
VXPPHU�PRQWKV�ZRXOG� GHFOLQH� DQG� FRDVWDO� ILVKHULHV
DIIHFWHG�

'HYHORSPHQW� DFWLYLWLHV� DQG� ILVK�PDQDJHPHQW� LQ
WKH�VWXG\�DUHD�PXVW�FRQVLGHU�WKH�SULQFLSDO�VXEVLVWHQFH
ILVKHU\� QHDU� WKH� ,QXSLDW� YLOODJH� RI� .DNWRYLN�� � 7KLV
ILVKHU\� RFFXUV� SULPDULO\� LQ� WKH� FRDVWDO� ZDWHUV� QHDU
%DUWHU� ,VODQG� LQ� WKH� $UFWLF� 5HIXJH� �&UDLJ� ����E���
7DJJHG� 'ROO\� 9DUGHQ� FDXJKW� LQ� WKLV� ILVKHU\� KDYH
FRPH� IURP� ILVK� PDUNHG� LQ� WKH� 6DJDYDQLUNWRN� DQG
&DQQLQJ� ULYHUV� WR� WKH� ZHVW� DQG� WKH� )LUWK� 5LYHU� LQ
&DQDGD��&UDLJ�DQG�0F&DUW�������&UDLJ�����E����2XU
VWXG\�SURYLGHG�HYLGHQFH�WKDW�DV�PXFK�DV�����RI�WKH
FDWFK�FRXOG�EH� IURP�QRQ�$UFWLF�5HIXJH� VWRFNV��ZLWK
VLJQLILFDQW� SURSRUWLRQV� FRPLQJ� IURP� &DQDGLDQ
VRXUFHV���)XUWKHU�RLO�GHYHORSPHQW�LQ�WKH�3UXGKRH�%D\
DUHD� RU� QHZ� RLO� DQG� JDV� GHYHORSPHQW� DFWLYLWLHV� LQ
&DQDGD� PXVW� DVVHVV� QRW� RQO\� ORFDO� HQYLURQPHQWDO
LPSDFWV� RQ� FKDU� SRSXODWLRQV� EXW� DOVR� WKH� SRWHQWLDO
HIIHFWV�RQ�WKLV�VXEVLVWHQFH�ILVKHU\�PRUH�WKDQ�����NP
DZD\�

$FNQRZOHGJPHQWV

7KLV� VWXG\� ZDV� IXQGHG� E\� WKH� 0LQHUDOV
0DQDJHPHQW� 6HUYLFH�� 'HSDUWPHQW� RI� WKH� ,QWHULRU�
WKURXJK�DQ�,QWHUDJHQF\�$JUHHPHQW�ZLWK�WKH�1DWLRQDO
2FHDQLF� DQG� $WPRVSKHULF� $GPLQLVWUDWLRQ� �12$$��
'HSDUWPHQW� RI� &RPPHUFH�� DV� SDUW� RI� WKH� $ODVND
2XWHU� &RQWLQHQWDO� 6KHOI� (QYLURQPHQWDO� $VVHVVPHQW
3URJUDP�� � 3DWWL� *DOODJKHU� RI� WKH� 8�6�� )LVK� DQG
:LOGOLIH� 6HUYLFH� �):6�� FUHDWHG� WKH� PDS�� � -XGLWK
*RUGRQ��):6��SURYLGHG�LPSRUWDQW�LQIRUPDWLRQ�DERXW
VDPSOH� ORFDWLRQV�� � :LOOLDP� 6SHDUPDQ� �):6�
SURYLGHG� HVVHQWLDO� DGPLQLVWUDWLYH� DVVLVWDQFH� WKDW
PDGH�WKH�FRPSOHWLRQ�RI�WKLV�SURMHFW�SRVVLEOH���6SHFLDO
WKDQNV� DUH� GXH� WR� 5DQG\� %DLOH\�� IRUPHUO\� RI� WKH
):6�� DQG� /\PDQ� 7KRUVWHLQVHQ�� 12$$�� ZKR
VXSSRUWHG� WKLV� VWXG\�� � +HOSIXO� FRPPHQWV� RQ� HDUOLHU
YHUVLRQV� RI� WKLV� SDSHU� ZHUH� SURYLGHG� E\� 5REHUW
'LOOLQJHU��$QWKRQ\�-��*KDUUHWW��6WHYH�.OHLQ��0DWWKHZ
1HPHWK�� -RQDWKDQ� 3\DWVNRZLW�� 5RG� 6LPPRQV�
1DWKDQ� 6PLWK�� DQG� 7HYLV� -�� 8QGHUZRRG�� � :H� DOVR
WKDQN� SHUVRQQHO� RI� WKH� 8�6�� )LVK� DQG� :LOGOLIH
6HUYLFH�)DLUEDQNV� )LVKHU\�5HVRXUFH�2IILFH��12$$�
(QYLURVSKHUH� &RPSDQ\�� DQG� /*/�� /WG�� ZKR
FROOHFWHG�VDPSOHV��

5HIHUHQFHV

$UPVWURQJ��5��+�� � ������ �0LJUDWLRQ�RI� DQDGURPRXV
'ROO\�9DUGHQ��6DOYHOLQXV�PDOPD��LQ�VRXWKHDVWHUQ
$ODVND���-RXUQDO�RI�WKH�)LVKHULHV�5HVHDUFK�%RDUG
RI�&DQDGD������������

$UPVWURQJ��5��+�� � ������ �0LJUDWLRQ�RI� DQDGURPRXV
'ROO\� 9DUGHQ� LQ� VRXWKHDVWHUQ� $ODVND� ±� D
PDQDJHU¶V� QLJKWPDUH�� � 3DJHV� �������� LQ� /�
-RKQVRQ� DQG�%�� /��%XUQV�� HGLWRUV�� � %LRORJ\� � RI
WKH� $UFWLF� FKDUU�� � 3URFHHGLQJV� RI� WKH
,QWHUQDWLRQDO� 6\PSRVLXP� RQ� $UFWLF� &KDUU��
8QLYHUVLW\�RI�0DQLWRED�3UHVV��:LQQLSHJ�

$UPVWURQJ�� 5�� +��� DQG� -�� (�� 0RUURZ�� � ������ � 7KH
'ROO\�9DUGHQ�� � 3DJHV� ������� LQ� (�� .�� %DORQ� �
HGLWRU�� � &KDUUV�� VDOPRQLG� ILVKHV� RI� WKH� JHQXV
6DOYHOLQXV���'U��:��-XQN�3XEOLVKHUV��7KH�+DJXH�
1HWKHUODQGV�

&UDLJ�� 3�� &�� � ������ � (FRORJLFDO� VWXGLHV� RI
DQDGURPRXV� DQG� UHVLGHQW� SRSXODWLRQV� RI� $UFWLF
FKDU�LQ�WKH�&DQQLQJ�5LYHU�GUDLQDJH�DQG�DGMDFHQW
FRDVWDO� ZDWHUV� RI� WKH� %HDXIRUW� 6HD�� $ODVND��
3DJHV� ������ LQ� 3�� -��0F&DUW�� HGLWRU�� � )LVKHULHV
LQYHVWLJDWLRQV� DORQJ� WKH� 1RUWK� 6ORSH� DQG
%HDXIRUW� 6HD� FRDVW� LQ�$ODVND�ZLWK� HPSKDVLV� RQ
$UFWLF� FKDU�� � &DQDGLDQ� $UFWLF� *DV� 6WXG\
/LPLWHG�� %LRORJLFDO� 5HSRUW� 6HULHV� ���� &DOJDU\�
$OEHUWD�

&UDLJ��3��&����������)LVK�XVH�RI�FRDVWDO�ZDWHUV�RI�WKH
$ODVNDQ�%HDXIRUW� 6HD�� � D� UHYLHZ�� � 7UDQVDFWLRQV
RI�WKH�$PHULFDQ�)LVKHULHV�6RFLHW\�������������

&UDLJ��3��&������D�� �$Q�LQWURGXFWLRQ�WR�DQDGURPRXV
ILVKHV� LQ� WKH�$ODVNDQ�$UFWLF�� �%LRORJLFDO�3DSHUV
RI�WKH�8QLYHUVLW\�RI�$ODVND����������

&UDLJ��3��&������E�� �6XEVLVWHQFH� ILVKHULHV�DW� FRDVWDO
YLOODJHV� LQ� WKH� $ODVNDQ� $UFWLF�� �����������
%LRORJLFDO� 3DSHUV� RI� WKH� 8QLYHUVLW\� RI� $ODVND
�����������

&UDLJ��3��&���DQG�/��+DOGRUVRQ����������%HDXIRUW�6HD
EDUULHU� LVODQG�ODJRRQ� HFRORJLFDO� SURFHVV� VWXGLHV�
ILQDO� UHSRUW�� 6LPSVRQ� /DJRRQ�� � 3DUW� ��� � )LVK��
3DJHV� �������� LQ� (QYLURQPHQWDO� DVVHVVPHQW
$ODVNDQ� FRQWLQHQWDO� VKHOI�� � %XUHDX� RI� /DQG
0DQDJHPHQW� DQG� 1DWLRQDO� 2FHDQLF� DQG
$WPRVSKHULF� $GPLQLVWUDWLRQ�� 2XWHU� &RQWLQHQWDO
6KHOI�(QYLURQPHQWDO�$VVHVVPHQW�3URJUDP��)LQDO
5HSRUW��9ROXPH����

&UDLJ�� 3�� &��� DQG� )�� -�� 0F&DUW�� � ������ � )LVK
XWLOL]DWLRQ� RI� QHDUVKRUH� FRDVWDO� ZDWHUV� EHWZHHQ
WKH� &ROYLOOH� DQG� 0DFNHQ]LH� 5LYHUV� ZLWK� DQ
HPSKDVLV� RQ� DQDGURPRXV� VSHFLHV�� � 3DJHV� ����
���� LQ� 3�� &�� &UDLJ�� HGLWRU�� � )LVKHULHV
LQYHVWLJDWLRQV�LQ�D�FRDVWDO�UHJLRQ�RI�WKH�%HDXIRUW
6HD�� � &DQDGLDQ� $UFWLF� *DV� 6WXG\



$ODVND�)LVKHULHV�7HFKQLFDO�5HSRUW�1XPEHU�����0DUFK������� ��

/LPLWHG�$ODVNDQ� $UFWLF� *DV� 6WXG\� &RPSDQ\�
%LRORJLFDO�5HSRUW�6HULHV�����&DOJDU\��$OEHUWD�

&UDLJ�� 3��&��� DQG�)�� -��0F&DUW�� � ������ � )LVK� XVH� RI
QHDU�VKRUH� FRDVWDO�ZDWHUV� LQ� WKH�ZHVWHUQ�$UFWLF�
HPSKDVLV� RQ� DQDGURPRXV� VSHFLHV�� � 3DJHV� ����
���� LQ�'��:��+RRG�DQG�'��&��%XUUHOO�� HGLWRUV��
$VVHVVPHQW� RI� WKH� $UFWLF� PDULQH� HQYLURQPHQW��
8QLYHUVLW\� RI� $ODVND�� ,QVWLWXWH� RI� 0DULQH
6FLHQFH��)DLUEDQNV�

'H&LFFR��$��/����������/RQJ�GLVWDQFH�PRYHPHQWV�RI
DQDGURPRXV� 'ROO\� 9DUGHQ� EHWZHHQ� $ODVND� DQG
WKH�8�6�6�5���$UFWLF������������

'H&LFFR�� $�� /�� � ������ � 0RYHPHQWV� RI� SRVWVPROW
DQDGURPRXV� 'ROO\� 9DUGHQ� LQ� QRUWKZHVWHUQ
$ODVND�� � 3DJHV� �������� LQ� -��5H\QROGV�� HGLWRU��
)LVK� HFRORJ\� LQ� $UFWLF� 1RUWK� $PHULFD��
$PHULFDQ� )LVKHULHV� 6RFLHW\� 6\PSRVLXP� ���
%HWKHVGD��0DU\ODQG�

(IURQ�� %��� DQG� 5�� 7LEVKLUDQL�� � ������ � %RRWVWUDS
PHWKRGV�IRU�VWDQGDUG�HUURUV��FRQILGHQFH�LQWHUYDOV�
DQG� RWKHU� PHDVXUHV� RI� VWDWLVWLFDO� DFFXUDF\��
6WDWLVWLFDO�6FLHQFH���������

(YHUHWW�� 5�� -��� 5�� /�� :LOPRW�� DQG� &�� &�� .UXHJHU��
������ � 3RSXODWLRQ� JHQHWLF� VWUXFWXUH� RI� 'ROO\
9DUGHQ�IURP�%HDXIRUW�6HD�GUDLQDJHV�RI�QRUWKHUQ
$ODVND� DQG� &DQDGD�� � 3DJHV� �������� LQ� -�
5H\QROGV�� HGLWRU�� � )LVK� HFRORJ\� LQ�$UFWLF�1RUWK
$PHULFD�� � $PHULFDQ� )LVKHULHV� 6RFLHW\
6\PSRVLXP�����%HWKHVGD��0DU\ODQG�

)HFKKHOP��5��*���-��'��%U\DQ��:��%��*ULIILWKV��DQG�/�
5��0DUWLQ�� � ������ � 6XPPHU� JURZWK� SDWWHUQV� RI
QRUWKHUQ� 'ROO\� 9DUGHQ� �6DOYHOLQXV� PDOPD�
VPROWV�IURP�WKH�3UXGKRH�%D\�UHJLRQ�RI�$ODVND��
&DQDGLDQ� -RXUQDO� RI� )LVKHULHV� DQG� $TXDWLF
6FLHQFHV��������������

)XUQLVV��5��$�� ������� � ,QYHQWRU\� DQG� FDWDORJXLQJ�RI
$UFWLF� DUHD� ZDWHUV�� $QQXDO� UHSRUW� RI� SURJUHVV�
����������� $ODVND� 'HSDUWPHQW� RI� )LVK� DQG
*DPH���)HGHUDO�$LG�LQ�)LVK�5HVWRUDWLRQ���3URMHFW
)������6WXG\�*�,��-XQHDX�

*ORYD��*���DQG�3��-��0F&DUW�� ������� �/LIH�KLVWRU\�RI
$UFWLF� FKDU� �6DOYHOLQXV� DOSLQXV�� LQ� WKH� )LUWK
5LYHU�� <XNRQ� 7HUULWRU\�� � 3DJHV� ����� LQ� 3�� -�
0F&DUW�� HGLWRU�� � /LIH� KLVWRULHV� RI� DQDGURPRXV
DQG� IUHVKZDWHU� ILVK� LQ� WKH� ZHVWHUQ� $UFWLF��
&DQDGLDQ� $UFWLF� *DV� 6WXG\� /LPLWHG�� %LRORJLFDO
5HSRUW�6HULHV�����&DOJDU\��$OEHUWD�

+DFKPHLVWHU��/��(���'��5��*ODVV��DQG�7��&��&DQQRQ��
������ � (IIHFWV� RI� VROLG�ILOO� JUDYHO� FDXVHZD\V� RQ
WKH� FRDVWDO� FHQWUDO� %HDXIRUW� 6HD� HQYLURQPHQW��
3DJHV� ������ LQ� &�� 6�� %HQQHU� DQG� 5�� :�
0LGGOHWRQ�� HGLWRUV�� � )LVKHULHV� DQG� RLO
GHYHORSPHQW�RQ�WKH�FRQWLQHQWDO�VKHOI���$PHULFDQ
)LVKHULHV� 6RFLHW\� 6\PSRVLXP� ���� %HWKHVGD�

0DU\ODQG�
-DFREVRQ��0��� DQG�&��:HQWZRUWK�� � ������ �.DNWRYLN

VXEVLVWHQFH�� ODQG�XVH�YDOXHV� WKURXJK� WLPH� LQ� WKH
$UFWLF� 1DWLRQDO� :LOGOLIH� 5HIXJH� DUHD�� � 8�� 6��
)LVK� DQG� :LOGOLIH� 6HUYLFH�� 1RUWKHUQ� $ODVND
(FRORJLFDO�6HUYLFHV��)DLUEDQNV��$ODVND�

0DVXGD��0���6��1HOVRQ��DQG�-��3HOOD�� ������� �8VHU
V
PDQXDO� IRU� *,5/6(0� DQG� *,5/6<0�� � 7KH
FRPSXWHU� SURJUDPV� IRU� FRPSXWLQJ� FRQGLWLRQDO
PD[LPXP� OLNHOLKRRG� HVWLPDWHV� RI� VWRFN
FRPSRVLWLRQ� IURP� GLVFUHWH� FKDUDFWHUV�� � 8�� 6�
1DWLRQDO� 0DULQH� )LVKHULHV� 6HUYLFH�� $XNH� %D\
/DERUDWRU\��-XQHDX��$ODVND�

0F&DUW��3��-����������$�UHYLHZ�RI�WKH�V\VWHPDWLFV�DQG
HFRORJ\�RI�$UFWLF�FKDU��6DOYHOLQXV�DOSLQXV��LQ�WKH
ZHVWHUQ� $UFWLF�� � &DQDGLDQ� 7HFKQLFDO� 5HSRUW� RI
)LVKHULHV�DQG�$TXDWLF�6FLHQFHV�����

1DWLRQDO� 5HVHDUFK� &RXQFLO�� � ������ � 8SVWUHDP�
VDOPRQ� DQG� VRFLHW\� LQ� WKH� 3DFLILF� 1RUWKZHVW��
&RPPLWWHH� RQ� SURWHFWLRQ� DQG� PDQDJHPHQW� RI
3DFLILF� 1RUWKZHVW� DQDGURPRXV� VDOPRQLGV��
1DWLRQDO�$FDGHP\�3UHVV���:DVKLQJWRQ��'�&��

3HOOD��-���DQG�*��0LOQHU����������8VH�RI�JHQHWLF�PDUNV
LQ�VWRFN�FRPSRVLWLRQ�DQDO\VLV���3DJHV���������LQ
1��5\PDQ�DQG�)��0��8WWHU�� HGLWRUV�� �3RSXODWLRQ
JHQHWLFV�DQG�ILVKHU\�PDQDJHPHQW���8QLYHUVLW\�RI
:DVKLQJWRQ�3UHVV��6HDWWOH�

3HGHUVHQ�6���DQG�1��6��6KLVKLGR�� �������6XEVLVWHQFH
VWXG\�DW�1XLTVXW���5HSRUW�E\�$ODVND�'HSDUWPHQW
RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI� 6XEVLVWHQFH�
)DLUEDQNV��$.�

5HLVW��-��'�� ������� �*HQHWLF�VWUXFWXULQJ�RI�DOORSDWULF
SRSXODWLRQV� DQG� V\PSDWULF� OLIH� KLVWRU\� W\SHV� RI
FKDUU��6DOYHOLQXV� DOSLQXV�PDOPD�� LQ� WKH�ZHVWHUQ
$UFWLF�� &DQDGD�� � 3DJHV� �������� LQ� +�� )�
.DZDQDEH��)��<DPD]DNL�� DQG�'��/��*��1RDNHV�
HGLWRUV�� � %LRORJ\� RI� FKDUV� DQG� PDVX� VDOPRQ��
3K\VLRORJ\� DQG�(FRORJ\� -DSDQ��6SHFLDO�9ROXPH
��

5HLVW�� -�� '��� -�� '�� -RKQVRQ�� DQG� 7�� -�� &DUPLFKDHO��
������ � 9DULDWLRQ� DQG� VSHFLILF� LGHQWLW\� RI� FKDU
IURP� QRUWKZHVWHUQ� $UFWLF� &DQDGD� DQG� $ODVND��
3DJHV� �������� LQ� -�� 5H\QROGV�� HGLWRU�� � )LVK
HFRORJ\� LQ� $UFWLF� 1RUWK� $PHULFD�� � $PHULFDQ
)LVKHULHV� 6RFLHW\� 6\PSRVLXP� ���� %HWKHVGD�
0DU\ODQG�

6KDNOHH��-��%���)��:��$OOHQGRUI��'��&��0RUL]RW�� DQG
*�� 6�� :KLWW�� � ������ � *HQH� QRPHQFODWXUH� IRU
SURWHLQ�FRGLQJ� ORFL� LQ� ILVK�� �7UDQVDFWLRQV� RI� WKH
$PHULFDQ�)LVKHULHV�6RFLHW\����������

6RNDO��5��5���DQG�)��-��5RKOI�� ������� �%LRPHWU\���QG

HGLWLRQ���)UHHPDQ��6DQ�)UDQFLVFR�



$ODVND�)LVKHULHV�7HFKQLFDO�5HSRUW�1XPEHU�����0DUFK������� ��

8QGHUZRRG��7��-���-��$��*RUGRQ��/��$��7KRUSH��0��-�
0LOODUG�� DQG� %�� 0�� 2VERUQH�� � ������
&KDUDFWHULVWLFV� RI� VHOHFWHG� ILVK� SRSXODWLRQV� RI
$UFWLF� 1DWLRQDO�:LOGOLIH� 5HIXJH� FRDVWDO� ZDWHUV�
ILQDO�UHSRUW������������� �8�6��)LVK�DQG�:LOGOLIH
6HUYLFH�� )DLUEDQNV� )LVKHULHV� 5HVRXUFH� 2IILFH�
$ODVND�)LVKHULHV�7HFKQLFDO�5HSRUW�����)DLUEDQNV�

8QGHUZRRG��7��-���0��-��0LOODUG��DQG�/��$��7KRUSH��
������ � 5HODWLYH� DEXQGDQFH�� OHQJWK� IUHTXHQF\�
DJH�� DQG�PDWXULW\� RI�'ROO\�9DUGHQ� LQ� QHDUVKRUH
ZDWHUV� RI� WKH� $UFWLF� 1DWLRQDO� :LOGOLIH� 5HIXJH�
$ODVND�� �7UDQVDFWLRQV�RI� WKH�$PHULFDQ�)LVKHULHV
6RFLHW\��������������
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